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THE  ARTICLE  BY 't\lALTHER  FLEMMING  here translated into English was originally 
published in  German by Springer-Verlag in  1880 as Part II of a  two-part article, 
under the title "Beitrage zur Kenntniss der Zelle und ihrer Lebenserscheinungen, 
Theil II," in Archivfiir Mikroskopische Anatomie, Volume 18,  pages 151-259. Not in­
cluded here is Part I, 1878, Volume 16,  pages 302-436. In general, this translation 
is literal. Freer rendering is substituted only where the author's intent appears better 
served. Throughout, brackets [J  indicate editorial  notes and helps to  the reader. 
Obvious errors and  inconsistencies  in  the  original  have  been  corrected  without 
brackets, however.  Letterspacing for emphasis in  the original is  here replaced by 
italics.  For clarity, journal references at the end of the article  are given  in  con­
temporary bibliographic style. 
The modern reader may find  Flemming's terminology of the mitotic stages con­
fusing at the  beginning, although he explains his terms fully  as  his  account pro­
ceeds. The following  translation of his stages into the equivalent phases in current 
terminology may be helpful. 
SKEIN  (Knauel):  Early  prophase.  Flemming  "asters."  He was aware of the latter and dis­
proposes, though with reservations, that all  the  cussed  them in  his  section  on  the  achromatic 
chromatin  is  joined  in  a  single  thread  at  this  figure.  The  mother  star figure  (at  times  desig­
stage.  nated  as  the  monaster)  is  essentially  the meta­
phase plate of modern terminology. The daughter
WREATH  (Kranz):  Late  prophase  or  per­ star  figures  are  the  anaphase  chromosome 
haps  early  prometaphase.  A  term  descriptive  groups,  which  retain  the  essential  arrange­
of the appearance of the chromosome group at  ments of the metaphase plate.
this  time,  abandoned  when  Flemming  de­
cided it was not useful.  EQUATORIAL  PLATE:  As  used  by  Flemming, 
STAR  (Stern) :  Flemming's  terms  "star-fig­ this term refers to early anaphase. 
ures,"  "star-fornls,"  "star-stages"  are  de­
scriptive of the latitudinal arrangements of the  SYSTOLE  AND  DIASTOLE:  Flemming  proposes 
chromosomes  around  the  spindle  axis.  He  that  the chromosomes  may  move  toward  the 
makes  much  of the  radial  arrangements:  the  poles  and  back  toward  the  equator,  perhaps 
tendency  of the  kinetochore  regions  to  point  several  times,  before a  true metaphase  (in our 
inward  towards  the  axis,  with  the  chrolno­ terminology)  is  attained,  and  that  the  final 
SOme  arms radiating from  the axis.  Sometimes  separation  toward  the  poles  can  occur  only 
he uses the term "aster" and speaks of "rays,"  after  such  a  true  metaphase.  Such  behavior 
but he is always referring to an arrangement 0/ the  of chromosomes before metaphase is  described 
chromosomes,  and  not  to  the  radiating  fibers  in  the modern  literature for special cases,  but 
of  the  achromatic  figure  that  we  now  call  it is  not a fundamental feature of mitosis. INTRODUCTORY REMARKS ON  TERMINOLOGY 
S  E  C  T  I  O  N  1  •  Investigations  as  regards  the  ubiquitous  occurrence  of  indirect 
nuclear division. (Including discussion of the most recent literature on cell division) 
A.  Introduction 
B.  Amphibians  (Siredon,  Proteus,  Triton, testicular epithelium of Salamandra,  larval 
toads) 
C.  Plants 
D.  Mammals 
Appendix: On nuclear multiplication in muhinucleated cells 
S  E  C  T  I  O  N  2  .  New results on the morphology and mechanics of cell division 
Introduction 
A.  Early phases 
B.  Segmentation of the nuclear threads and the transition from the skein stage  to 
the star stage 
C.  Rearrangement of the star stage into the equatorial plate 
D.  The longitudinal splitting of the nuclear threads 
E.  The figures of the daughter nuclei 
F.  The achromatic figure of threads 
Conclusions 
S  E  C  T  IO  N  3  •  On the development of spermatozoa in Salamandra 
REMARKS ON  TECHNIQUE 
BIBLIOGRAPHY [AND  FOOTNOTES] 
INTRODUCTORY  REMARKS ON  TERMINOLOGY 
When  describing  a  newly discovered  field,  the selection  of the  designations  to  be 
used  for  the  first  time  is  not  an  indifferent  matter.  It  is  desirable  that  investi- 
gators agree  on the use of the terms employed.  I  have therefore tried  to follow as 
closely  as possible  the  terminology of earlier and  contemporary investigators  and 
have  selected  the  simplest  expressions  possible  for  the  phenomena  I  have  de- 
scribed  for the  first  time.  In  instances  where  the  earlier  terminology  cannot  be 
used,  I  will  explain  why not, and will at the  same  time  clearly  define  the  terms 
adopted,  in order to avoid misinterpretations. 
It  seems  obvious  to  me  that  the  expression  resting stage of the nucleus should  be 
used  only to contrast with the changes  occurring during division,  and  I  will con- 
tinue  this  usage.  This  is  certainly  not  to  say  that  a  nucleus  which  is  not  in  the 
process of division must be at absolute rest; on the contrary, I myself have reported 
slight  movements  and  changes  in  shape  of whole  nuclei  and  of  their  networks 
(4, p. 314,  317),  although they were not of the magnitude of those recently studied 
by Prudden a and  by Schleicher  (1 I). 
 The present terms for the morphological parts of the nucleus  (4, p. 349) will be 
retained :-- 
1.  Nuclear framework  or nuclear net, inlranuclear framework or intranudear  net; con- 
taining thickenings. 
2.  Net-knots  and also bodies of special composition. 
3.  The nuclear corpuscles proper, or nucleoli. 
4.  The nuclear membrane or wall. 
5.  The ground-substance of the  nucleus,  comprising  the  total residual  substance 
exclusive of the parts just mentioned. These terms cannot be misunderstood 
if my previous descriptions and those of others are taken into account; they 
do not involve any unproved hypotheses, as is the case,  in varying degrees, 
with all the other terms which have been selected for these structures. 
Klein  (12)  has  objected  to  the  term framework  simply  through  a  misunder- 
standing.  In  his  opinion  this  expression  implies  a  passive  stroma, 2 whereas  the 
network is the chief and living part of the nucleus. [Note: The complete statement 
by Klein,  Quart.  J.  Micr.  Sc.,  1879,  19,  N.S., 405,  footnote  reads,  "I  purposely 
avoid  the  expression  framework  (Geriist)  used  by  Flemming,  but  use  the  term 
(intranuclear)  network; the former is bad, for the simple reason that the network 
is the chief and living part of the nucleus; the term 'framework' (Geriist) implies a 
passive stroma."J It surprises me that Klein prefers the term net in this sense and 
that he uses it exclusively, for a  net is just as dead or as alive as a framework. In 
German the latter term is better and more precise; I  have therefore selected it. A 
framework  connotes  a  structure  made  of beams,  extending  in  three dimensions  (as 
is the case in the nucleus);  a  net is two-dimensional. Thus, linguistically,  it really is 
not correct to speak of the "reticulum" of a lymph node. However, since this usage 
is  widespread,  and  since  misinterpretations  are  unlikely,  I  have  used,  and  will 
continue  to use,  the  terms net or network interchangeably with framework. 
Once and for all I  want to reject the notion that I  consider the nuclear frame- 
work to be a passive stroma. In the first part of these studies  (4, p. 348 ft., p. 368, 
and elsewhere) it is clearly stated why, on the contrary, I regard it as a particularly 
important living part of the nucleus. It does not follow that we should think of the 
nuclear framework as  the  only  living  part,  and  regard  the  ground-substance  as 
being merely liquid and non-living, for this substance evidently plays a role in the 
division  metamorphosis  of  the  nucleus, a  Furthermore,  Klein  (12)  has  recently 
presented convincing evidence of its not being liquid. 
Schleicher  (11)  has recently objected  to the term reticular structure  or  frame- 
work  as being  imprecise,  since  the  structures  so  named  can change their shape; 
i.e., they are contractile. The latter must be admitted,  and, as just mentioned, has 
also  been  observed  by me. The  term still  appears best  to  me,  however,  since  a 
framework-like or reticular arrangement of the substance in question in the nucleus 
represents its most frequent configuration, and since we do need a brief expression. 
Even  a  movable framework remains  a  framework.  Furthermore,  Schleicher,  ac- 
cording to a cordial written communication, has essentially abandoned the reserva- 
tions he outlined. 
I  cannot concur with the summary division of the nucleus as a  whole into nu- 
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 clear substance and nuclear sap. The following reasons  speak against  it:--l.  The 
nuclear  substance  would  include  the  nucleoli  as well  as  the  nuclear  membrane 
and the framework, but they are of a  different nature.  2.  The  term  nuclear  sub- 
stance tells  us nothing  at  all about the  nature  of the  object designated,  not  even 
about its morphology. The choice of the term nuclear sap is based on the assump- 
tion that the object is liquid,  but we do not know this. 
I  have stated earlier (4, p. 361) that it might be possible to apply the terms nu- 
clear  substance  and  nuclear  sap  to  the  phenomena  of nuclear division  by calling 
the stainable  substance  which  goes to form the  daughter  nuclei  the  nuclear  sub- 
stance  and  the remaining material  the nuclear  sap.  On  closer examination  even 
this seems to be inappropriate,  for formed structures exist even in the latter ma- 
terial,  these  being  the  unstainable,  axially oriented  nuclear  threads  (achromatic 
threads, see below), and, in addition,  branched threads  (4, Plate  17,  Fig.  15); this 
substance therefore cannot simply be called sap. 
The term nuclear substance will henceforth be used to designate material belonging 
to  the  nucleus  only,  as  distinguished  from the  associated  cellular  substance (proto- 
plasm). 
I  have proposed the term indirect nuclear division  for nuclear multiplication  involving 
metamorphosis  of the nuclear mass  into  threads;  it  has already been used  by several 
authors.  A  direct nuclear division,  on the other hand,  is one featuring direct  con- 
striction  of the  nucleus  and  lacking  the  thread  metamorphosis.  Although  I  shall 
continue to use these designations, I must emphasize again  that they are provisional. 
For we do not as yet know whether  a  direct nuclear division in  the latter sense 
really exists; it is only being postulated  as a  hypothesis, and  at this time I  would 
prefer to remain neutral as regards this hypothesis? 
If it should turn out that direct nuclear divisions do not occur, and that all ap- 
parent cases thereof (e.g.  white blood cells) can be shown to involve thread meta- 
morphosis,  the  epithet  "indirect"  becomes,  of course,  superfluous,  for  it  would 
then be the only type of nuclear division. 
Schleicher  (3)  has  introduced  the  term  karyokinesis  for  the  movement of the 
nuclear threads in cell division; however he refers only to those stages which pre- 
cede the  equatorial  plate  (those which  I  call skeins  and star-figures),  and  Stras- 
burger (8) recently has done the same thing. From Part I of my study (4) it follows 
that the movements of the threads continue in all subsequent stages, in the equatorial 
plate  as  well  as  in  the  regressive phases  of the  daughter  nuclei,  and  that  these 
movements are definitely not weaker than those of the early phases of the mother 
cell.  The  term kinesis  should  consequently  be  extended  to  include  these  stages. 
I  am  adopting  this  suitable  and  convenient  term  in  this  sense;  Schleicher,  in 
personal  correspondence,  has  agreed  to use  it  in  the  extended  sense.  From now 
on we will  therefore  use  the  term karyokinesis  to  include  all movements or shifts  in 
position  undergone by the threads that are forming in the nucleus during cell division, from the 
beginning of the skein stage of the mother nucleus to the reappearance of the framework stage 
of the daughter nuclei. 
I  have one reservation.  Schleicher  usually calls the  movements of the  threads 
karyokinetic  but  he  sometimes  refers  to  them as ameboid.  I  cannot regard  the 
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 two  terms as  being  equivalent,  and  definitely  reject  the  latter.  While  the  term 
ameboid is only used in a comparative sense and does not imply an explanation or 
interpretation,  we still take it for granted,  in the movements of an ameboid cell, 
that the  immediate  causes for the change in  shape are found  in  the cell itself and 
therefore  call  it  contractile.  We  do  not  know,  in  the  movements or changes  of 
position of the threads of a nuclear figure, whether the immediate causes lie within 
the  threads  themselves, outside  of them,  or  both.  Anyhow,  it is  not permissible to 
compare the typical changes of the several threads, occurring in all of them through 
several phases similarly and almost synchronously, 5 to the irregular creeping move- 
ments  of an  ameba.  I  even avoid calling  the  threads  contractile,  to prevent  non- 
critical  minds  from imagining  that  an  explanation  may be  implied  in  the  term 
itself. 
For the sake of brevity I  shall, as before, use nuclear figure instead of karyokinetic 
figure.  Strasburger  (8,  p.  285)  now has also accepted  this  term but,  up to now, 
only for the  middle stages of the  series,  the spindle  stages or barrel stages.  I, on 
the other hand,  will use the term nuclear figure for all morphological phases of the 
thread configuration. 
Occasionally the terms monaster  (star phase of the mother cell)  and diaster  (star 
phase of the daughter cell) will be used.  H. Fol  (6)  introduced  them for the rays 
in the protoplasm of the egg cell,  and they have recently been used  by E.  Klein 
(12) for the corresponding nuclear figures (4, p. 421, Section 3). 
Some more recent authors have objected to my delineating and naming a certain 
number of phases  in the morphological sequence of the nuclear division. The main 
objection,  i.e.  that representatives of my phases in Salamandra  cannot be found in 
all other material, is no longer valid. Reference  13 of the Bibliography, Section 2 
of this  paper,  and  a  comparison  of the  most recent  publications  of Strasburger, 
Klein,  and  Arnold  clearly indicate  that  in  the  most varied  types of cells in  am- 
phibians,  mammals,  and plants  (and--as a  preliminary assumption I  want to note-- 
also  in  egg cells  and  anywhere  else in  (indirect)  cell  division),  the  nuclear  figures 
pass through successive stages during  division.  In sequence the stages are briefly 
and suitably designated by the terms skein  (basket), star,  equatorial plate,  and then, 
(in  reverse order for each daughter  nucleus)  star  and  skein,  even though  the  se- 
quence  is not equally distinct  in all types of cells.  Therefore,  and  because of the 
need for brief expressions, my procedure seems to be sufficiently justified,  and the 
more recent authors have used these terms in their descriptions.  Again  I  want to 
emphasize  6 that I  do not think of a phase as being a definitely delimited stage; this, 
in  fact,  would  be  directly  opposed  to  the  meaning  of the  term.  Instead,  as  the 
term implies, I  refer to an appearance in the division of the nucleus which occurs 
regularly and in a certain sequence in relation to others. 
The phase which precedes division of the nuclear figure  (e.g., Fig.  12,  Plate  1) 
I  have called the equatorial plate.  Strasburger used to designate the corresponding 
stage in the division of the plant cell as nuclear plate.  In his new communication he 
also uses  at  times  the  term nuclear barrel  or nuclear spindle  either for this  stage  or 
even for the stage of separation immediately following, depending  on its form in 
the different types of cells (loc. cit., p. 284).  I  shall likewise use the latter terms for 
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 those stages where local separation has progressed (e.g., Figs. 23, 25, Plate 2, here) 
since they are suitable. However, I reserve the term equatorialplate for the preceding 
phase in which the structures are in effect irregularly arranged at the equator in 
the  form of a  plate.  As  regards  the  physiology of the  process,  it  is  obviously of 
great significance to have the  stage which precedes separation  and  is  thus  inter- 
mediate between the progressive and the regressive parts of karyokinesis be one in 
which  the  structures  are  compressed  in  the  equatorial  plane,  and  it  seems ap- 
propriate to imply this by the name. A more detailed discussion will be presented 
in Section 2. 
Further study of the division phenomena requires a  brief discussion of the ma- 
terial which thus far I  have called  the  stainable substance of  the  nucleus. Since  the 
term  nuclear  substance  could  easily  result  in  misinterpretations  (see  above),  I 
shall  coin the  term chromatin for the  time being.  This does not indicate  that this 
substance must be a  chemical compound of a definite composition, remaining the 
same in all nuclei. Although this may be the case, we simply do not know enough 
about  the  nuclear  substances  to  make  such  an  assumptiond  Therefore,  we  will 
designate  as  chromatin that  substance, in  the  nucleus, which  upon treatment with  dyes 
known  as nuclear stains s does absorb the  dye. From my description  of the  results  of 
staining  resting and  dividing cells  (4,  Section  1)  it follows that  the  chromatin  is 
distributed  throughout the whole resting nucleus, mostly in  the  nucleoli,  the  network 
and the membrane, but also in the ground-substance.  In nuclear division it accumu- 
lates exclusively in the thread figures. 
The term achromatin suggests itself automatically for the  unstainable  substance 
of the nucleus. The terms chromatic and achromatic which will be used henceforth 
are thus explained. 
SECTION  1 
Investigation  of other  materials  (amphibians,  mammals,  plants) 
as  regards  the  ubiquitous  occurrence  of indirect  nuclear  division 
This section also contains a discussion of the literature 
which has appeared since Part I  was published 
A. Introduction 
In continuing my investigations on the structure  and vital processes of the cell,  I 
first concerned  myself with  the  question  of the distribution of the indirect nuclear 
division described in the first part of this study. No absolutely certain answer can 
be given unless all organisms in question are investigated; but I  have been able to 
reach the conclusion that no mode of cell multiplication other than that involving 
cell division with indirect nuclear reproduction has been demonstrated up to now, 
and  that for the  time being  there is  no reason  to assume  the  occurrence  of any 
other mechanism. This holds at least for the non-motile tissue cells of animals and 
probably also for those  of plants.  Whether  in  the  division  of free,  ameboid  cells 
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 there occur nuclear processes which are homologous to, although less obvious than, 
those  of indirect  nuclear  division,  or  whether  direct  nuclear  constriction  really 
takes place in this case remains an open question. 
I  have already discussed the reasons for this in a previous article (13). 
It is a strange coincidence that simultaneously with the aforementioned publica- 
tion  there  should  have  appeared  one  by  E.  Klein  (12)  in  which  he  takes  the 
opposite point of view regarding the most crucial  issue.  On  the  basis of his own in- 
vestigations of Triton,  Klein confirms my factual  observations on  indirect  nuclear 
division  in  every detail,  but  he still  clings  to the  assumption  that direct nuclear 
division must occur as well.  He presents evidence, but I  cannot accept it as proof. 
Klein makes the following points: The outer layer of the skin epithelium of an 
adult  Triton  is repeatedly shed  at brief intervals  (every 5  to 7 days).  He believes 
(p.  417  ft.)  that in order to furnish all the replacements by cell division with in- 
direct multiplication of the nucleus,  numerous division figures should be found in 
those layers of the epithelium which persist. He counted the nuclear figures present 
in cross-sections of the tail  (of two-cell thicknesses).  In two such examinations he 
found  17 divisions among 840 nuclei,  and 23  divisions among 240 nuclei,  respec- 
tively. To him, the number of divisions observed seemed insufficient to account for 
the replacement of the sloughed-off cell layers within the few days. For this reason 
only,  he assumes that along with indirect  cell division there must occur another 
form of cell multiplication with direct nuclear division. 
I  confess that I  cannot see how such a conclusion can be justified.  Even if I  use 
the  ratios  given  by Klein,  I  find  the  frequency  of divisions perfectly  adequate  to 
replace, within 3 or 4 days, a shed layer of single cells (for a single layer is sloughed 
off, as Klein himself states on p. 410). The following simple calculation will demon- 
strate it. 
Klein's first count (17  divisions among 840  cells)  is in a  region in which at any 
given time approximately one  cell  in  50  is  dividing.  Assuming the frequency of 
divisions  in  the  region  to  remain  constant,  a  division  will  begin in  another  cell 
whenever it is completed in the first cell. The duration of one division, according to 
my observations  (4),  can  be  assumed  to  average 3  hours  in  salamander larvae; 
in  Triton it is probably about the same. There would be therefore 8  divisions per 
day, and 6 days 9 would elapse before 100  cells (98 to be exact) would be produced 
from the original 50 in the region under study; i.e.,  until the number of cells had 
doubled. 
In the area of Klein's second count, however, divisions were much more numer- 
ous (23 in 240). The frequency here would be almost one division for every 10 cells. 
According  to  the  above  calculation,  the  number  of cells  would  double  in  1~ 
days. Taking the average between the two regions (roughly 21~ days), the interval 
within which  a  replacement layer of cells has been provided is shorter than  that 
given by Klein for periodic detachment of the upper layer (5 to 7 days). 
In the area of skin under observation there are actually two or more layers of 
cells. Divisions occur not only in one, but in at least two of them, and thus about 
twice as many cells would be produced as are needed for replacement of one layer. 
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 Even a frequency of cell division lower than that Klein actually found in the regions 
he studied would still  provide the replacement. 
The appearance of constricted and lobed types of nuclei does not justify a  con- 
clusion concerning the  occurrence of direct nuclear fission.  This was  adequately 
demonstrated  in  a  publication  in  a  different journal  (13)  and  in  Part  I  of this 
study. No one has actually observed the process of direct division of the nucleus in 
living tissue  cells; at least  I  know of no description that would bear it out.  Since 
Klein's statements refer only to preserved tissues,  he could not even have attempted 
to observe it.  I, on the other hand,  have repeatedly, for hours at a  time,  tried  to 
determine  whether  a  direct  constriction  of nuclei  of this  type  does  indeed  take 
place in the living cell.  To date, I  have had only negative results. 
I  find  it  equally  difficult  to  understand  why  Klein  thinks  that  images  as  il- 
lustrated in his Figs. 33 to 35,  Plate  18, loc. cit., support the assumption of the oc- 
currence  of direct  nuclear  constriction,  and  why he  thus  accepts  an  opinion  of 
Eberth  to which  I  have explicitly objected  (4).  Klein is looking at skein  stages  1° 
which happen to be somewhat constricted in the middle or in which the threads 
are arranged in such a way as to indicate a certain degree of bilateral symmetry,  u 
In fixed  material  one observes this  rather  frequently,  12 but  it is  unreasonable  to 
conclude that a nuclear figure of this type, in a living cell, would have constricted 
in the middle.  In all instances of nuclear division which I  have observed in living 
material,  such a  direct division of the  nuclear figure has never occurred; division 
was always preceded by the regular appearance of the star figures and of the equatorial plate. 
Klein's opinion therefore,  being based  on observation of only a  few preparations 
of preserved material,  cannot be  taken  as  evidence to the  contrary.  13 
The fact that direct nuclear division has not been observed with sufficient cer- 
tainty represents a negative result. The positive result seems more convincing to me. 
Cell division  involving  indirect division  of the nucleus has been found in every case studied with 
the  necessary care and  the proper  methods,  provided  the  material  was  at  all suitable.  The 
white blood cells are the only exception. 
With  this  in  mind  I  have investigated  the following: axolotl,  larval  toads,  mam- 
malian  embryos,  newborn  mammals, plants  (Nothoscorodon  and  Allium),  and ovarian  egg 
cells,  and spermatogonia  of Salamandra. 
I  expected to find indirect nuclear division in all of them.  From the extensive 
studies of Mayzel (see  4)  we know that it occurs in adult and larval  batrachians 
and in embryos of birds; Semper and Balfour saw nuclear figures in the follicular 
contents of growing ovaries in fishes, Btitschli in the blood cells of the chick embryo, 
and E. van Beneden in the embryonic disc of the rabbit; Mayzel and Eberth ob- 
served it in the cornea of birds and mammals when cells  were multiplying under 
abnormal conditions.  The occurrence of nuclear thread  figures in  the division of 
a  great variety of plant cells  has long been reported  by Strasburger. 14 
Therefore  I  no longer needed  to  determine  the  existence  of the  phenomenon 
as such in the materials named. Instead, I asked the questions: 1. Are the divisions 
sufficiently numerous during  normal growth  to  ascribe all cell  multiplication  to this 
process? 2.  Can all the major phases of indirect nuclear division,  which I  found in 
Salamandra,  also be found in all of these objects?  ~5 
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 The latter question is of great practical significance with regard to further studies 
on  the  division  of cells  and  nuclei.  If we  attempt to  learn  more  about the  me- 
chanics of these processes by optical methods, we should use amphibians,  especially 
urodeles,  simply because they have the largest cells and the largest nuclei. The next 
section  of this  paper reports  initial  studies  along these  lines.  After having made 
numerous  comparisons I  can  claim  that  with  our present  optical  tools  it  will  never  be 
possible  to see as much detail  of the  division  process,  in  any  of the  various  types  of cells of 
plants,  mammals,  birds, fishes,  or invertebrates  which have  been used up to now to study cell 
division, as can  be seen, with lenses of even medium power,  in either Salamandra,  Triton,  or 
Siredon.  If, however,  the  basic mechanism of the process is to be studied  in those 
latter genera in  the future,  one must know beforehand whether  all of the major 
phases which occur in them are also represented in other organisms,  16 or whether 
some  of the  processes  are  characteristic  of them  alone  and  therefore  are  not  of 
general significance. 
Here again I  assumed from the beginning that the latter would not be the case. 
Many investigators of cell division in mammals and plants report only the middle 
phases,  the  nuclear  spindle,  or the  nuclear  barrel,  and  either did  not encounter 
or did not recognize the early and late stages (skeins and stars). But there are state- 
ments  by  Semped 7 and  Balfour  on  star  stages  in fishes;  Schneider  has  described 
skein  stages  (rosettes)  in  worms  (during  the  division  of the  egg),  and  Eberth's 
illustrations  show  similar  stages  in  the  inflamed  cornea  of mammals  (rabbits). 
Since  none of the other investigators were paying attention  to such stages at all, 
they could have overlooked them easily. 
Consequently I  took for granted the fact that all essential stages would be found 
in  all of the material studied,  and  I  did  indeed  find  them.  The descriptions  are 
kept brief; they are presented only in order to help remove the doubts which are 
still  held  by many regarding  all  these  phenomena,  and  in  order  to  discuss  the 
statements of other authors. 
B.  Amphibians 
It can  be assumed  that in  the  axolotl  (and  in  all  tailed  amphibians  in general) 
the  relationships  of the  nuclear  figure would  be the  same  as in  the  salamander 
and its larva. This was confirmed last spring and summer, by the investigation of 
several older and  one very recently hatched  Siredon,  in  the epithelium  of the  skin, 
the  gill  arches  and  the  lungs,  the  cartilage  and  the  connective  tissue  of the  gill 
arches,  and  the  red  blood  cells.  Siredon  offers  no  advantages  as  compared with 
Salamandra;  the cells are somewhat smaller, is The same holds for Proteus anguineus; 
although  its red  blood cells are of considerable size,  none of the  other cell types 
are proportionally large. I  would therefore recommend not bothering with Proteus 
for investigations of cell division until it can be successfully raised from the egg or 
until cell division can be experimentally induced in it. 
Since  the  first part  of this  study  appeared,  two  other communications on cell 
division  in  tailed  amphibians  (Triton)  have been published. 
Peremeschko (5) investigated the process in larval Triton,  both living and preserved with 
reagents. His special study,  which appeared immediately following mine  19 and which does 
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 not yet take mine into account, disagrees considerably with my findings on several points,  s° 
However, he has just published a paper on the division of the red blood corpuscles in larval 
toads  (16)  and many of the contradictions seem to be reconciled. Taking into account the 
latest remarks of Peremeschko, there remain between us the following essential differences :-- 
1.  An  initial, considerable enlargement of the  nucleus,  which  Peremeschko  considers 
essential, can occur, but with equal frequency may not. 
2.  Peremeschko still postulates the appearance of granules in the nucleus which "grow" 
into the  threads  forming the  nuclear figures later on.  However,  in Salamandra  where  the 
nuclei are larger,  I  was able to determine  ~1 that  these apparent granules are only optical 
sections of threads,  and that the whole tangle of threads of the following stage is formed in 
continuo from the network of the resting nucleus, but not from it alone. Klein has now confirmed 
this for Peremeschko's material (Triton, see below). 
3.  Consequently, I  cannot agree that in some stages granules and threads are mixed in 
the nucleus (16, p. 452, and Figs. 54 and 55); the apparent granules are nothing but optical 
sections. 
4.  In the  publication last cited,  Peremeschko  again maintains that in the stage  of the 
equatorial plate  (nuclear barrel) the threads tear apart.  I  have already described the situ- 
ation as being quite different (4).  The threads of the anlagen of the two daughter nuclei 
are already separated at this stage. For the details of the most remarkable mechanism of these 
processes I direct attention to Section 2. 
5.  Peremeschko further reports  that during or shortly after the  stage of separation the 
threads of the two daughter nuclei are so arranged that their ends cross each other (16, pp. 
442 to 443, Figs, 35 and 36). 
From this statement one should assume that we are dealing with the actual interdigitation 
of the opposite threads, as shown here in Figs. 10 to 13, Plate 1, and in Part I in Figs. 2 g and 
8, Plate  16  (4), and I  believe that Peremeschko's Fig. 63 represents just such a  condition. 
Figs. 35 and 36, however,  to which he also refers, are definitely not the same thing; they 
evidently are no longer equatorial plates proper,  but already separated star-figures of the 
daughter cells. The apparent crossing of the ends of the threads is, it seems to me, due only to 
the oblique  position of Peremeschko's figures. 
6.  In his earlier  paper  Peremeschko  neither differentiated  between the  skein and star 
stages  of the mother nucleus nor recognized  their  typical sequence  (skein to  star-figure). 
From the description of the division of blood cells in his later publication (16, pp. 674) I was 
hopeful that we now agreed on this point; but after seeing his latest publication (18, p.  182, 
see below), I  am not certain that this is the case. 
7.  Finally, Peremeschko  did  not pay attention to  the  regressive metamorphosis of the 
daughter nuclei (although,  according to his illustrations, he did see the stages in question 
correctly). A  statement on p. 674 (16)  (lower part of page) leads to the conclusion that  he 
regards  the homogeneously clumped stages of the daughter  nuclei to be natural (compare 
Fig. 29, Plate 2). This would not be reconciled easily with a regressive metamorphosis of the 
daughter nuclei. I have shown that in the living nucleus these stages only appear to be homo- 
geneous because of the pallor of the material (4, Fig. 3 k,  Plate  16, and p.  388) ; they can 
also be produced as artifacts by the action of reagents, as will be discussed below (see plants, 
Part C). 
After the preceding had been written, a further communication of Peremeschko appeared 
(18). It is a continuation of the one we discussed. The demonstration of a division of nuclei 
of nerve cells (18, p.  172), which so far had not been observed successfully, is to be noted; 
further,  Peremeschko describes the behavior of nuclei in the division of white  blood cells as 
entirely equivalent to  that  of other kinds  of cells, and shows a  number of figures bearing it out 
(Figs.  16 to 25).  If the latter should be true, it would, in my opinion, constitute the most 
important part of the paper by far; for B/itschli and I  have had to conclude, on the basis of 
observations to  date,  that  the  process  of nuclear division in white  blood  cells  is  highly 
atypical; so much so,  that for the time being (compare 4, at the end) I  have referred to it 
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 as a direct as opposed to the indirect karyokinetic division. I  must admit, however, to having 
had  an  aversion  to  this  distinction  from  the  very beginning,  and  have  therefore  always 
emphasized  (4,  p.  423;  13)  that  the  nuclear  changes  in  the division of the  ameboid  cells 
might,  in principle,  be homologous to those in other cells, but  simpler or not so clear.  If 
this  greater  clarity  should  exist in  Triton,  I  would  be very pleased  to  accept  the  general 
homology as discovered by Peremeschko. At present, however, his description  (p.  171)  does 
not completely convince me that  the rounded  cells in question were actually white blood 
cells.  2~ 
I  had already pointed out that the divisions of connective tissue and muscle cells agree in all 
important points with those of epithelial cells (4, 394). Peremeschko had also stated this for 
the former in his preliminary publication. He now presents a  number of drawings from living 
specimens. 
Peremeschko's discussion of my statements  (at the end)  indicates that  he still maintains 
essentially the differences which I  mentioned  above.  He did  not observe what  I  consider 
to be my most important discovery, the regularity of the sequence and of the reversed sequence of the 
nuclear phases.  He literally says  that  he was unable  to observe,  in  Triton,  all the phases  of 
nuclear division which I had described in salamander larvae, and I  must emphasize that he 
states that  the latter probably  represent a  far more favorable object for these observations 
than his own. This is indeed true, ~ but in the meantime Peremeschko will learn from Klein's 
publication  (12,  see below) that my description can be confirmed in  Triton if preparations 
of well fixed, sharply stained, and well cleared material are used. 
Peremeschko's discussion of my statements  needs some corrections. He claims that  "the 
lobed nuclei are usually compact and without framework"  and says "Flemming does draw 
them without framework," citing my Fig. 10, Plate  15 (4). He seems to have paid  no atten- 
tion to my discussion of the effect of reagents on nuclei (4, p. 329 ft.), for he would then have 
realized that the nuclei of the cells in Fig.  10 only appear to be without framework (compare 
the discussion of this figure on line 10, p. 330, 4). In Fig.  1 m, Plate  15, and Figs.  1, 2, Plate 
16,  !  have again drawn nuclei showing lobes, but here they are alive and have frameworks. 
Peremeschko erroneously and  repeatedly ascribes to me the term axial plate.  He seems 
to refer to the stage which I  have called equatorial plate.  I  have never used the former term; 
it does not make sense, for the axis of division of the cell is merely a line extending from one 
pole  of division to  the  other.  In  the  stage in  question,  however,  the  nuclear  threads  are 
grouped in a  plate in the plane of the equator. I  also cannot understand  why Peremeschko 
(18)  compares his Fig. 2  (loc. cit.) with my equatorial plates (e.g.,  Figs.  12,  13, Plate  1). The 
figure is so indistinct that  I  do not know where to place it in the sequence of stages--best 
perhaps  with the skein or star-figure stages.  His Fig. 63,  Plate  19  (18),  on the other hand, 
really seems to be an equatorial plate. 
On p.  371  of my study  (4)  I  had  said  "I would  be surprised  if in  the stages  to follow 
(coarse skeins, star-figures)  there should occur a disintegration of the threads into free gran- 
ules and a  subsequent re-fusion of the latter (Schleicher; Peremeschko)." Peremeschko now 
states  (18,  p.  181)  that  I  have wrongly ascribed this opinion to him. To be sure, in his pre- 
liminary note he does not, as does Schleicher, literally mention such a  disintegration of the 
threads  into granules,  but instead  speaks of a  highly irregular appearance  of figures.  I  re- 
gret not having expressed myself more clearly, but factually I was correct. On the following 
page Peremeschko shows that he does indeed hold the opinion which I  was opposing, for he 
says  verbatim,  "Even  in  the  star-shaped  nucleus  granules  and  short rods are  not  infre- 
quently seen in place of the threads"  (18).  For my criticism it was immaterial whether the 
appearance of these postulated granules was due to a disintegration of the threads or to some- 
thing else (what ? Flemming).  I have simply denied that such granules along with threads exist in this 
stage in Salamandra,  and declared all apparent images of this kind to be optical sections. Accord- 
ing to Klein's and  my own observations  I  must  assume  this to be true in  Triton also,  and 
everywhere else. 
12  THE  JOtmNAL OV CELL B~OLOOV • VOLVME  ~5, 1965 
 Peremeschko finally declares that the clear halos around the nuclear figures first observed 
by Eberth and then by Strasburger and myself are artifacts. He does not take into account 
the fact that I have seen these  halos in living epithelial cells of Salamandra  (4, p. 376),  but 
this may not be possible in the paler cells of the Triton larva. I have already mentioned that 
the halos can be enlarged by the effect of reagents. In their natural condition they may be of 
different sizes, as my earlier figures indicate (4, Plates 17 and 18). 
Klein's study deals with the material just mentioned (Triton,  cell division in the  skin 
epithelium of the adult.  24 He confirms my findings in Salamandra in every detail. It is very 
important to me that Klein did observe the regressive transformation of the daughter nuclei 
(loc. cit.,  p.  145; see also 4, p. 391 ; and elsewhere).  All other authors who published on the 
subject at the time of or following the appearance of my paper (Schleicher; Peremeschko; 
Strasburger) have either not encountered this striking and certainly not unimportant fact, 
or have even denied its occurrence in many materials (Strasburger, see  below).  Klein also 
agrees with me that the initial stages of division consist of tangled threads, not of granules. 
Our statements thus differ only on a  few  points. The following are important enough to 
mention  :-- 
1. Klein pays little attention to the equatorialplate  or the nuclear barrel  2~ as a separate stage. 
He equates it with the stage  of the  diasters,  where  the initial separation of the daughter 
nuclei has already taken place.  26 This latter stage he derives directly from the star-figure of 
the mother nucleus, the monaster, but he does not discuss his ideas on how this reorganiza- 
tion might occur. 
However,  I  consider this reorganization to be a  particularly important phase of karyo- 
kinesis,  for in the cell it represents the transition from monocentric to dicentric phases.  I 
realize why Klein, having worked with fixed preparations only, did not put more emphasis 
on this point. The flat, highly compressed equatorial plates proper last only for a short period 
of time and are therefore rarely seen in fixed material. 
This would have happened to me had I not studied large numbers of divisions of living cells 
from the very beginning. In them a  star-figure of the mother cell is never seen to separate 
directly into the two daughter star-figures.  A  stage in which the threads are crowded in the equa- 
torial plate invariably intervenes, as shown in Figs.  10 to 14, Plate 1. It is then followed  by the 
start of separation, the barrel stage, and the star stage of the daughter nuclei. 
2. The longitudinal division of the rays of the star-figure of the mother cell (Fig.  9, Plate 1 
and p. 379 in 4) was apparently not observed in Triton by Klein; at least he does not mention 
it.  27 In view of the other similarities and because of Peremeschko's findings cited below, I 
consider it unlikely that this phenomenon should really be absent in Triton.  In the following 
section the double threads will be discussed in more detail. 
Division of Cells of the Testieular Epithelium 
in Urodeles  (Salamandra) 
Observations on this material were started largely to investigate the cellular and 
nuclear processes in spermatogenesis (see Section 3), but the testicular epithelium 
of Salamandra  turned out to  be excellent material for the  observation of cell and 
nuclear division.  Some  characteristic  variations in karyokinesis were  noticed  in 
the  cells of this  tissue when compared with  the  other  types  of cells in the  same 
animal.  For  the  sake  of  clarity  I  want  to  summarize  here  these  characteristic 
features; more can be found in Section 22s and in the special discussion in Section 3. 
If one finds a  testis  of Salamandra  exhibiting numerous cell divisions (this can 
easily be done in July or August, the proper season)  and if one observes the divi- 
sions, using a magnification of 200 to 500, either without addition of any chemicals, 
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 Explanation  of  Figures  on  Plates  1,  2,  3 
The following applies to all  of the drawings: 
1.  They were drawn with a Hartnack immersion 
objective 7, 8, or 9 or with a  Zeiss immersion 
objective 1 or ~. They are usually somewhat 
enlarged to show details more clearly. 
~.  Lighter  or darker  shading  of the  threads  of the 
nuclear figures  indicates  that  segments  ren- 
dered in different shades lie in different planes 
(mostly:  the portions seen in  the lower  focal 
plane are rendered lighter). 
3.  Dark  or  light  points  or  circles  of  equal  size, 
either in the course or at the end of threads 
(as for instance Plate 1,  Fig.  1 b, Figs. ~, 11, 
and  1~)  do  not  represent  granules  or  nuclear 
bodies,  but transverse or oblique optical sec- 
tions of threads. 
4.  The dark shading of the nuclear thread figures 
indicates staining;  in  Fig.  35,  Plate  3  (from 
a  living  preparation)  tile  threads  were  ren- 
dered darker  than they appear  in the living 
pale  nuclear  figures  in  order  to  avoid  mis- 
takes resulting from the lithographic process. 
5.  An arm or a portion of a loop of thread drawn 
shorter and darker in the figures is not shorter 
in reality; it only appears optically shortened. 
6.  The cell protoplasm  has always been rendered 
schematically. 
PLATE  1 
(Please compare with the line engraving in Section ~. All illustrations are of Salamandra) 
FIGURE  la  Resting  epithelial  nucleus  from 
a region showing numerous divisions. Only those 
trabeculae  of  the  framework  which  could  be 
seen in approximately the same focal plane are 
drawn,  b  An early stage of division, remnants 
of three nucleoli persist. The  ground-substance 
of  the  nucleus  can  no  longer be  stained.  Here 
again only about half of the visible convolutions 
of the threads are drawn. Except for the nucleoli, 
all  apparent  granules  are  optical  transverse 
sections. 
FIGURE ~  A  nucleus which has been broken  in 
sectioning.  One  sees the  cut  end  in  the  lower 
part of the figure. The upper part of the figure is 
intact. In the lower part of the figure each thread 
can be traced very easily.  Enlarged drawing. 
The stage is just slightly later than that of Fig. 
1  b.  It  shows clearly  (verified with Seibert im- 
mersion objective XI)  that not a  single granule 
is present, only wound threads. Since many are 
broken, one apparently sees free ends, but they 
were not there in reality for in the upper intact 
portion of the figure not even a single interruption 
can be found. The end of a thread in the drawing 
only indicates that the thread bends downward 
vertically at this point, each one can be traced 
farther. For the sake of clarity this could not be 
shown in the drawing. 
FIGURES  3  and  4  Nuclear  figures  containing 
similar skein stages. Fig. 4 is of a somewhat later 
stage  already  showing  some  distinct  breaks, 
[but]  the  nuclear  membrane  is  still  visible. 
FIGURE 5  A  skein in which segmentation into 
loops is  completed in  process  of  dissolution. 
FIGURES  6  and  7  Both  figures  are  the  same, 
and  show  separation  of  the  threads  into  two 
roughly equal groups (this does not always take 
place).  This kind of separation does not lead to 
immediate  division,  a  star  stage  and  an  equa- 
torial plate stage  will  follow  (see the  following 
figures). 
I~GUR~  8  Star  stage,  showing  three  of  the 
loops temporarily displaced. 
FIGURE 9  Diffusely arranged star stage, show- 
ing  simultaneously  longitudinal  fission  of  the 
threads.  The  parts  of  the  threads  seen  in  the 
higher  focal  plane  are  rendered  darker.  (This 
was not properly reproduced in tile lithograph.) 
FIGURES 10  and  11  Equatorial  plates,  follow- 
ing the star stage. 
FIGURE  l~  The  same,  at  somewhat  larger 
magnification.  Very pale  achromatic  threads  are 
seen at  the  poles--at  the  lower  pole  they  can 
barely  be recognized. All dark  circles represent 
transverse or oblique optical sections of threads; 
tile figure contains no granules, nor do any of the 
others  shown on this plate. 
FIGURES 13 and 14  Equatorial plates, showing 
some of the loops slightly displaced. 
FIGURE  15  Schematic  drawing  explaining  the 
structure  of  the  stage  (nuclear  barrel)  which 
follows that of Fig. 14. 
FIGURE 16  An epithelial cell with three nuclei; 
nuclear  division  has  just  taken  place  (three 
pairs  of  daughter  star-figures). 
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  or in acetic acid or after staining,  29 all stages of division, which correspond exactly 
to the ones I have already described, are seen. One additional stage attracts  atten- 
tion because it is so peculiar. This stage seems to be the one corresponding to the 
equatorial  plate  (Plate  3,  Figs.  41,  42,  and  50).  It resembles a  bulging weir.  In 
somewhat diffuse figures of this kind, especially when observed obliquely or straight 
down from the pole  (Plate 3, Fig.  41), one easily recognizes that the two threads, 
lying side by side, are continuous on the side directed toward the pole. In the equa- 
torial  plane,  however,  one frequently looks in vain for the  distinct gaps  between 
the  threads,  so clear in  other kinds  of cells?  °, 3~ Therefore these  stages  surprised 
me greatly  at  first,  as  they  seemed  to  contradict  the  law  which  I  had  tried  to 
formulate at an earlier time for other types of cells; i.e.,  in the stage of the equa- 
torial  plate the  segments of the  threads  have  already  been separated  into  the  two 
groups which will go to each of the daughter nuclei respectively. 
The contradiction,  however, is only apparent.  In the first place, distinct breaks 
at the equator may be seen in some of the threads of a  nuclear figure of this type, 
even  though  not  all  of the  threads  show  them  (see  the  illustrations).  Secondly, 
under  the  influence  of the  reagents  (especially acetic  acid)  there  appear  at  the 
equator either breaks or regions ofpuJ~ness  (Plate 3, Fig. 59) [Note:  in the plate  the 
figure is labeled  53,  53 a] in threads which until  then seemed  to  extend  without 
interruption from pole to pole. This is evidently an indication of a  regional differ- 
entiation  within  the  thread.  Lastly, observation  of the  living  material  provides 
decisive  evidence.  The  series  of living  stages  seen  is  shown  in  Plate  3,  Fig.  35. 
One  must  conclude  that  the  equatorial  connection  of the  threads  (see  Plate  3, 
Fig. 35 d, for one thread) in this stage represents only a temporary contact or a tempo- 
rary fusion  of the  opposing ends  of the  threads,  since  in  the  preceding  stages the 
threads  existed  as isolated  loops  (Plate 3,  Fig.  35 a,  b),  each half as long as those 
seen  in  the  barrel stage.  If these  points  of fusion  differ in  composition from the 
rest of the thread, the puffiness mentioned above (Plate 3, Fig. 59) [see note above] 
resulting from the action of the reagent  (acetic acid)  at these sites could  be well 
understood. 
So  far  I  have seen  puffiness only in  acetic  acid  preparations;  after treatment 
with chromic acid followed by staining, the area of contact at the equator is paler 
and slightly thinner rather than swollen. A clear, cross-shaped or  longitudinal  slit 
is sometimes found in the center of such a  swelling (see Figs.  59 and 59 a, and ex- 
planation).  [There  is  no  explanation  of Fig.  59.  The  explanation  is  given  for 
Figs.  53  and  53  a.  Figs.  53  and  53  a  should  be Figs.  59  and  59  a  since there is 
another Fig.  53  on  Plate  3.] 
At this  time it cannot  be decided  whether  or not  this  equatorial  fusion of the 
ends of the threads  is a  characteristic feature of this stage.  It does occur in other 
types of cells.  I  discussed  and illustrated  it at an earlier time?  2 Even then I  con- 
eluded,  after  investigation  of the  preceding  stages,  that  the  threads  which  one 
occasionally  finds  connected  at  the  equator  could  not  have  been joined  at  all 
stages,  but that the connection must have been established secondarily. 
When the two halves of the barrel separate, one frequently notices a  thin, fairly 
distinct strand stretched between the two ends of the threads which had previously 
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 been fused. This strand later breaks apart.  It is not identical with the achromatic 
threads which will be discussed  presently, for it is often distinctly stained. 
There is another special feature in the divisions of the epithelial cells of the testis. 
The  pale  achromatic  figure  of  threads 3~  is  seen  very  clearly  inside  the  chromatic 
figure  (see Plate  3,  Figs. 43  to 47). 
In no other type of cell in Salamandra have I been able to demonstrate the achro- 
matic figure so clearly, but I  have approximated it a  few times in cartilage cells. 
These threads cannot be found in star stages of the testis cells (as shown in Plate 3, 
Fig.  40);  they appear only after the  separation  of the  equatorial  plate  (Plate  3, 
Fig.  43).  In the latter stages one often sees individual  chromatic loops of thread 
set apart from the others in a  disorderly fashion; they are sometimes shifted right 
up to the pole of the achromatic spindle  (Plate 3,  Figs.  43 and 44).  Under lower 
magnification it looks as though a  coarse, stained  granule was located at or near 
the pole of the thin-fibered, pale spindle. ~4 In these instances we are simply observ- 
ing some irregularities in the mechanics of the nuclear figure. They may occur in 
other stages also; in skein and star stages single loops lie at times definitely sepa- 
rated  (Plate  1,  Fig.  8; Plate 3,  Fig.  35  b),  and in the equatorial  plate and barrel 
stages one of the arms of the loop is frequently outside the spindle.  Observation of 
the process of division in a  living testis cell,  as shown in Plate 3,  Fig.  35,  demon- 
strates that this is simply an irregularity, for here it can be seen that those loops 
of threads, which have been dislocated at random (Plate 3, in Fig. 35 b), are later 
put in order among the others. The same thing probably happens in Figs. 43 and 
44; the few individual loops at the poles just happen to have moved there at this 
time.  It is possible that they will remain there for good, but they may also return 
to the equator to join the others. 
At times I have noticed indications of differentiation, at the equator, in the pale 
threads in nuclear figures of testis epithelium as shown in Plate 3, Figs. 46 and 47. 
These  differentiations  correspond  to  Strasburger's  elements  of the  cell  plate.  In 
my material I cannot decide whether they are actually definite physical structures 
or are an indication  of vacuolization  (caused by the reagents)  of the pale threads 
at these sites.  Perhaps they are simply breaks in the threads at the equator.  Since 
the structures are so delicate and since reagents must be used, the question cannot 
be answered.  In living material  (Plate  3,  Fig.  35)  the achromatic threads cannot 
be seen at all. 
Finally it must be noted that in the testis cells one does not see the longitudinal 
division  of the threads,  which is so striking and distinct  in the skein or star phases 
(Plate  1,  Fig.  9)  of the ectodermal epithelial cells and the connective tissue cells, 
muscle  cells,  and  red  blood cells of Salamandra.  In a  few star and  skein  stages  I 
have noticed some suggestion of it, a  thread here may appear to be composed of 
two closely apposed portions, but does not show the clear division into two which 
can  be  seen  in  the  other  types  of cells  (epithelium,  Plate  1,  Fig.  9;  connective 
tissue,  4,  Plate  17,  Fig.  11).  Therefore,  if  such  a  division  occurs  regularly in 
these cells, it must be  of short  duration,  and  re-fusion must  already  have  taken 
place in the stage of the nuclear barrel, for in this stage the number of loops is so 
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 low as to  rule  out doubling of the component  loops of the star-figure. The  thin- 
armed star-figures which are so common in epithelial cells are never found in the 
testis  cells  (4,  Plate  17,  Fig.  12).  Other  aspects  of the  longitudinal  division  of 
the threads will be discussed in Section 2. 
I  have  investigated  the  epithelium  of the  lower  palate  and  of the  connective 
tissue portions of the head and of the tail fin in larval toads  (probably Bufo).  Skein 
and star stages of the mother and daughter nuclei and also equatorial plates were 
found  to  be  the  same  as in Salamandra.  Only two  examples were  selected among 
many;  they are shown  in  Plate 3,  Figs.  27  and  28  [Note: Plate  2].  Longitudinal 
fission of the arms of the star-figures could, however,  never be clearly seen in the 
mother  nucleus.  This  also  applies  to  the  material  to  be  discussed  next,  but  the 
structures are so  small that, even assuming that the phenomenon  exists, it  proba- 
bly cannot  be detected. 
In  batrachians,  and  also  in  mammals  and  plants,  reagents  distort  the  nuclear 
figure much  more readily than  they do in the tailed amphibians.  Star and  skein 
stages of the daughter nuclei are most frequently affected  (Plate 3,  Fig.  28,  com- 
pare Fig. 29)  [Note: Plate 21. They often shrink and the threads  coalesce  to  such 
an extent that they appear as a  homogeneous clump. 
Schleicher's detailed study on the division of cartilage cells in batrachians has now been 
published (3). It appeared in the same journal, immediately before Part I of this study (4). 
At first sight there seem to be major differences  between Schleicher's illustrations and 
descriptions and my own.  According to Schleicher, free granules and threads are formed 
in the nucleus and move around in an irregular fashion (even though Schleicher correctly 
observed the star stages of the mother nucleus, he did not realize that this is a regular figure 
which recurs at each division at a  definite site). He does not mention the equatorial plate 
stage. In his opinion the daughter nuclei are first homogeneous clumps; they then disinte- 
grate into granules and rods. Briefly, I have demonstrated the regularity of the whole sequence 
of stages and have stated that this is the most important finding; Schleicher explicitly denies 
the existence of this regularity. 
Nevertheless, one look at Schleicher's illustrations convinced me that his observations, 
although correct, are insufficiently detailed. All of the stages of nuclear division which I have 
described are represented in his material. Anyone who carefully compares the two series of 
illustrations will share my opinion. Because of the small cell size Schleicher's material is less 
favorable than mine. He observed mostly living material and did not use sharply stained 
controls. Thus he faithfully described and drew only what could be seen in living prepara- 
tions, and a great deal simply could not be seen under those circumstances. His illustrations 
therefore are only partial renditions of the true nuclear figures. In most of them, however, I 
can be reasonably certain about which stage is shown. 
At the time of Schleicher's publication I  had, by the way, stated that a series of division 
stages is found in the cartilage of Salamandra identical with the one I have established for all 
other tissue cells.  ~  It was therefore not necessary to repeat the study of nuclear division in 
cartilage cells of batrachians, for it is difficult to imagine that  there would exist in their 
cartilage the differences one would infer from Schleicher's descriptions, while in their epi- 
thelium  and  in  their  connective  tissue  36  the  whole  process does  not  differ from  that  in 
Salamandra in any significant way. 
Therefore I shall refrain from replying to several of the objections which Schleicher raised 
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 against  my preliminary  communications.  In Part  I  of my study they were countered  in 
advance (4).  Schleicher has, in the meantime,  had the courtesy to examine several of my 
preparations.  I  hope he will now abandon those objections. One point  must, however, be 
mentioned in this connection. Schleicher's statement  (3, p. 284)  that I had only shown for 
other tissues what he had already described for cartilage is contrary to fact. In the first place, 
I began investigations of the subject  1 year before the appearance of Schleicher's first pre- 
liminary notice and entirely independent of it.  Secondly, and more importantly, the facts I 
have described are not at all comparable with Schleicher's observations, and I therefore do 
not want my results to be equated with those of his aforementioned study. 
Since this has recently been done by some authors, I must briefly state the most important 
differences between Schleicher's results  and my own. 
In the division  of cartilage  cells Schleicher has described the appearance of granules  and  threads of 
irregular shape and indeterminate  number in the previously  homogeneous nuclear content? ~ They undergo 
ameboid  motion  of an  entirely  irregular  nature  (karyokinesis)  and  then  aggregate  to form  the spindle 
figure or the barrel figure as discovered by Biitschli  and Strasburger.  This figure now divides  into  two 
masses, the two daughter nuclei, each of which changes into a homogeneous small clump.  The small clumps 
again break up into "granules  and rods" which undergo movements and then unite to form a nucleus. 
I have, in opposition, described  for most types of dividing tissue cells a structure of convoluted threads of 
uniform  thickness being formed in the nucleus, using the nuclear framework and the nuclear membrane as a 
basis.  All the stainable  material  of the nucleus is gradually  incorporated within it, and a skein made up 
of threads of uniform  thickness is formed.  This skein seems to be organized in a regular fashion, inasmuch 
as its turns are about equidistant from one another.  The convoluted thread then breaks up into segments, the 
segments undergo changes in position,  and,  in so doing,  characteristically and regularly pass through the 
following phases: skein,  star (in systole and in diastole),  equatorial plate, and separation.  The threads 
of each half,  that is to say,  those of each daughter nucleus, pass in reverse order through star,  skein, and 
resting stages. 
This process clearly differs from the one Schleicher has described. In recognizing its orderly aspects as 
opposed to completely irregular ameboid movements, we have a much  better chance of understandin.g its 
underlying  mechanism. 
C. Plants 
In studies published  prior  to  1879,  Strasburger  described  only the  middle  stages 
of the  nuclear figures  (nuclear spindle,  nuclear  barrel)  in divisions of plant cells. 
In  a  few  plants,  early  granular  stages  were  mentioned.  It  seemed  a  priori  likely 
that  here  again  the  whole  sequence  of stages  described  by me  would  be  repre- 
sented.  Nothoscorodon  fragrans  and  related  forms  (Allium  odorum  and  others)  were 
therefore  investigated.  The two  studies  of Strasburger  published  last  summer  (8, 
14)  have  greatly  simplified  my task.  Strasburger,  after  having  read  Schleicher's 
and my statements,  found the wound skeins of early stages  in his plant  material, 
and  also found stages in the  daughter  nuclei  (Strasburger,  Plate  4,  loc.  cir.,  Figs. 
13  to  17,  31  to 34,  27,  55) which correspond  to those described  by me. 
However,  there  still  remain,  in  my opinion,  a  number  of important  points  of 
agreement  in  our  materials  that  Strasburger  has  not  as  yet  recognized;  I  have 
either  actually found such similarities  or at least cannot see why they should not 
exist. 3s 
1,  Strasburger  still  maintains  that distinct  granules appear  in the nuclei in the earliest 
stages and subsequently grow into threads. 
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 Judging from the examples of these stages which I have seen in Allium and Nothoscorodon, I 
cannot consider this interpretation to be well tbunded. In the slightly more advanced stages 
shown in Figs. 20 and  18, Plate 2, one can easily see that only threads or optical  sections of 
threads are present. This, however, can only be determined after sharp staining and by using 
a  condenser. The stages shown in Fig.  20 occur immediately before those in which Stras- 
burger himself found only threads  (compare his Figs.  14,  15, Plate 37). It cannot be said that 
the  figures consist of granules  even in the  preceding stages,  such as the  one illustrated in 
Plate 2,  Fig.  19. Distinct convolutions of threads may be seen in some places if they are of 
sufficiently diffuse texture. But because of the small size of the structures and because of the 
close spacing of the convolutions or granules in question, strong optical systems are required 
and I  agree that it is impossible to determine with certainty whether granules only or con- 
voluted threads only are present in these nuclei. At this point it seems justifiable to reach a 
conclusion by analogy. An epithelial nucleus of Salamandra,  as shown in Fig. 2 c, Plate 17, in 
Part I  of my study (4) is in a  stage corresponding to that of the small, round plant nucleus 
now shown in Fig. 19, Plate 2, but since the former is much larger and at the same time much 
flatter one can easily determine that it contains threads only and no granules.  39 
This, however, could not be ascertained in the plant nucleus shown in Fig.  19, Plate 2, 
even if here also only convolutions were present. In this small nucleus the fine threads  are 
very close together and, since it is more rounded in shape,  a  relatively larger number of 
convolutions are superimposed upon one another and therefore  obscure one another to a 
greater extent than in the flat epithelial nucleus. 
I  therefore  take the liberty of extending the conclusions drawn from the more suitable 
material to the less favorable material. I cannot understand why Strasburger and others will 
not do likewise in this and in other instances. In using my approach the homology of the 
stages under discussion in animals and plants would be established, whereas the assumption 
of an early granular stage in plants (which, as has been discussed, is not required by the facts) 
would indicate a  considerable difference between the early division stages of the organisms 
studied. 
2.  Thus far Strasburger has not definitely confirmed the occurrence of star-stages  in the 
mother nuclei of plant cells; but in the spore mother cells of Psilotum triquetrum he occasionally 
finds a  radial arrangement, although it is never so clearly developed as in my material.  I 
must admit that in the mother cells of either Allium  or Nothoscorodon !  have not found any 
star-figures which are distinct or as perfect in shape as they are in animal cells. They always 
appear more compressed and the rays tend to be bent. I still think that the stages in question, 
as I have found them in plants, are of a definitely radial structure (examples: Figs. 21 and 22, 
Plate 2), particularly because distinct radial structures are found in the daughter nuclei of these 
plants. 
3.  The stage referred to by Strasburger as nuclear plate  in plants (e.g., his Figs. 20 to  22, 
Plate 4, 8) seems to correspond to what I have called equatorialplate  in animals. 
At this stage, two groups of threads of approximately  equal length and tfdckness, one belonging to each 
of the future daughter nuclei, are clearly present in my material. Each thread is bent into a loop whose 
oertex points toward the corresponding pole;  4° the equatorial ends of the two groups of threads  are 
either interleaved or lie roughly opposite  one  another  (see Figs.  10 to  14,  Plate  I).  The 
separation  of the  two  groups  of threads  belonging to  each  of the  two  daughter  nuclei has 
occurred at an earlier time; no further separation takes place  at this or at any later stage. However, 
temporary fusion and subsequent separation of the ends of the threads may be found at this 
stage. 
According to Strasburger's description the structures in the nuclear plate in plants would 
be granules of roughly elliptical shape arranged side by side.  It is only at this time that  they 
split in half (see Strasburger's Figs. 20 to 22, 47 and 48, 35, 56, and others). 
In  such  cases  (Nothoscorodon  and  others)  Strasburger  admits  that  threads  rather  than 
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 granules  exist before this stage is reached,  but he does not explain how he visualizes the ar- 
rangement of these structures in either the equatorial plate or the nuclear barrel stage. 
In Fig. 23, Plate 2, I have reproduced an equatorial plate of Allium odorum (from the periph- 
ery of the ovary)  as seen with a  Hartnack No. 9 immersion objective. It is enlarged in the 
drawing?  1 This figure and similar ones show clearly that threads are present,  rather  than the 
irregularly shaped  and indistinctly stained granules which Strasburger  shows in the corre- 
sponding figures cited above.  In this drawing I  have shown the structural  details as they ap- 
peared to me, and this may well be the correct interpretation.  They are actually too close to the 
limits of visibility to permit any definite statements  concerning them. The structure  in the 
upper left corner seems to be a disarranged loop of thread.  I think I can make out the curved 
vertices of the loops directed toward  the poles.  Even though  this interpretation  cannot be 
proved in this case or in a number of similar ones, it is equally wrong to claim that it is not so, 
or to say that all the free ends of the threads are pointing toward the poles. The diameter at 
the equator of the stainable figure in Fig. 23, Plate 2, is  18 g, and the diameter at the pole 
15 to 16 ~. On the other hand, in the equatorial plate of Salamandra  shown in Fig. 14, Plate  1, 
the diameter at the equator is 28 ~  and at the pole 22 ~. Here one can still be certain that 
loops of threads which curve at the polar side are present.  In plants,  where all the structures 
are much smaller, one should not expect to be able to see this. 
Therefore, I do not believe that the basic difference indicated by Strasburger's  statements 
actually exists between these stages in animals and plants.  I  am inclined to think that the 
equatorial plates in plant cells are probably  arranged  in essentially the same fashion as in 
animal cells. Only a study of the most favorable plant material will help decide this question. 
I realize that in the material studied most recently by Strasburger (in hairs of Tradescantia), 
the cells are of a more favorable size. According to his measurements,  given on p. 3, loc. cit., 
the dimensions of the nuclei would approximate those of Salamandra  nuclei. As far as I  can 
see, however, Strasburger has not as yet stained the material adequately; it may be impossi- 
ble to do this. I had to use suitable stains and clear with ethereal oil in order to be certain of the structure 
of the equatorial plate in Salamandra,  shown in Figs.  IO to 14, Plate L  The equatorial plates would 
otherwise appear to be accumulations of indistinct granules and rods. The reagents used by 
Strasburger  (chromic acid,  alcohol, osmic acid)  are not very helpful unless the material is 
subsequently stained.  Since  Strasburger  has  not  employed the latter procedure as thoroughly 
as I have done, I feel justified, for the time being, in relying more upon my own observations. 
4.  Strasburger  seems  to  be  certain  that  in  plant  cells the  two masses  of the daughter 
nuclei are each transformed  into homogeneous small clumps after passing through  the nu- 
clear barrel stage. These clumps again differentiate into complexes of threads at a later time. 
I doubt this. If I had any hope of reaching a definite decision on this point through investi- 
gation of division in living plant cells, I would not voice this doubt until I  had studied them. 
But this is not the case. I  said earlier that in the stage shown in Fig. 28, Plate 2, the convolu- 
tions of the threads of the daughter nuclei are usually very close together; in living material the 
daughter nuclei therefore appear to be homogeneous even if they are as large as they are in 
Salamandra  (compare Plate 16, Fig. 3 i and k, Part I, reference 4). Acetic acid or other chem- 
icals are needed to show that this is not the case (loc. cit., kl). [Note: in the legend this appears 
as U.] A study of the smaller plant nucleus would not give us any definite information on this 
point. 
Another argument must also be presented.  In my own preparations  of fixed and stained 
material I  can demonstrate many daughter nuclei which appear to be homogeneous, lobed 
clumps (for example, Fig.  19, Plate 2). In almost all the preparations which show this, vary- 
ing degrees of shrinkage are also observed in the other nuclear division stages and in the rest- 
ing nuclei. The former stages show some clumping as well.  The more successfully preserved the 
preparations  are, the more regular the shape of the star-figures and skeins of the mother cells 
will be, and less frequently will such homogeneous daughter nuclei be found.  After having studied  a 
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 considerable amount of material and having looked at several thousand nuclear divisions in 
fixed condition, varying as to the quality of preservation, [ can claim to be certain of this fact. 
I  therefore maintain  that,  although one cannot determine in living material whether or 
not the nucleus is homogeneous or differentiated into threads  at  this stage,, the latter situ- 
ation obtains  in actuality.  Wherever pairs of daughter  nuclei seem to be homogeneous in 
fixed material, the coalescence of the convolutions of the threads represents an artifact.  Alcohol 
produces a  great deal of clumping. 
Such artificial agglutinations frequently occur also in  the  star  stages of daughter nuclei (as 
shown in Figs. 26 and 24, Plate 2), especially at points where the threads of the divided star- 
figures are closest together; i.e.,  on the polar side or in the center of the star-figure.  Some 
authors  therefore believe that  the threads  of the daughter nuclei in this stage "at  first fuse 
with each other at the polar side."  I  consider these appearances to be artifacts also. 
My conviction is supported by the following considerations. 
In those slides of amphibian  material  (and  in some others)  where many of the division 
stages of the daughter nuclei are affected by shrinkage,  one finds homogeneous clumping in 
some of the nuclear figures  of the mother cells also. Stages  in  which the threads  are especially 
crowded are usually the ones which show clumping; namely, the systolic star-figures and the 
equatorial plates. In these there can be no doubt about the clumps being artifacts and  about 
the threads having been separate in their natural  state.  Then the following conclusion is almost 
self-evident.  The mother nucleus passes through the sequence of skein,  star,  and equatorial plate stages 
and there is definitely no fusion and no new threads are formed.  The threads remain morphologically intact 
throughout the two latter stages, only their arrangement is changed. In the daughter nuclei, on the other 
hand, the sequence is equatorial plate,  star, and skein.  One should a priori consider it most likely that the 
threads will now persist as morphological entities just as they persisted earlier in the mother nucleus. In 
the most well preserved preparations this can actually be observed,  and it strongly supports 
the  assumption. The fact that it cannot always be seen in either living or in less adequately 
fixed material does not constitute evidence to the contrary. 
The statements above are not to be interpreted  as an attempt to detract from the excel- 
lence of Strasburger's preparations.  The samples he sent me amply demonstrate their beauty. 
But plant material is particularly unsuitable for a study of these stages in the daughter nuclei. 
Perhaps it will never be possible to avoid the artificial fusion just mentioned. For here, on the 
one hand, the nuclei and  the nuclear figures are relatively small and, on the other hand, the 
number of convolutions, as well as the number of segments of threads,  is larger. The struc- 
tures are therefore much closer together than they are in most cells in amphibians.  As the 
crowding increases, the chance of clumping due to the action of the reagents also increases. In 
a  living nucleus a  skein of this type frequently gives the impression of being a fused mass. 
I  am willing to admit that in plants in this stage the conditions may be such  as to make 
impossible a  decision on whether convolutions are present or whether the nucleus is homo- 
geneous.  For  instance,  in  the  stages  in  the  living daughter  nuclei  in  Tradescantia,  which 
Strasburger describes (loc. tit., p.  7, lower part of page), and perhaps in many  other species 
as well, the threads in these nuclei may actually touch one another. But there is quite a differ- 
ence between contact and fusion.  If we assume  the former, the threads  are preserved  as en- 
tities at this stage. A reasonable homology of the series of stages could then be postulated for 
animals and plants. But if we assume that fusion takes place, this homology is destroyed. As 
long as there is a choice between these two assumptions--and to me this definitely seems to be 
the case--I greatly prefer the former.  4e 
5.  In plants  Strasburger  did  not observe longitudinal division of the threads  (shown  in 
reference 4,  Plate  17,  Figs.  10 and  1 I; Plate  16,  Fig. 4)  [Note: plate number is missing  in 
text]; and Plate 1, Fig. 9, here, and he does not seem to believe that it occurs. Judging from 
the material  illustrated  in  my Fig.  21,  Plate  2,  I  must  assume  that  such  a  division exists 
although  it is much  less distinct  than  it is in animal cells and  although  I  have to admit, 
as regards the latter  (see under testis cells above), that the phenomenon may be lacking in 
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 some  cases.  In  Fig. 21  the double structure of the threads is drawn only in the segments 
where it was very definite with a  Hartnack immersion No.  9  or a  Zeiss immersion No.  2 
objective, and it is visible even when systems of lower magnification are used. It is probable 
that all the remaining threads in this nuclear figure are also split longitudinally, but that the 
halves here lie closer together than in the regions shown as stages of the daughter nuclei, 
as I have drawn them in my Fig. 17, Plate 17; Figs. 2, 3, Plate 18; Fig. 18, Plate 17, in Part I 
of this study (4).  (In animal cells it is much easier to see that the phases of the daughter 
nuclei repeat those found in the mother nuclei.) 
None of the points discussed thus far necessitates the assumption of considerable differ- 
ences in the division processes  between animals and plants.  However,  some facts indicate 
the existence of some very real distinctions. 
The first difference  is seen in the behavior of the nucleoli. During karyokinesis in plants they per- 
sist as definite structures in the mother nucleus for a much longer time than they do in ani- 
mals; conversely, they reappear  in plants much earlier than they do  in animals. This is 
demonstrated in Strasburger's new publication (8), and I  can definitely confirm it (see Fig. 
18, Plate 2). According to some of Eberth's illustrations (2),  similar conditions are found in 
certain vertebrates. With this in mind I  have therefore reexamined many appropriate stages 
(diffuse skein stages) in Salamandra  and Siredon, and also in mammals, using the most favora- 
ble illumination and strong magnifications. But I  am certain that nucleoli cannot be de- 
tected here (compare Figs. 3, 4, and 5, Plate 17, 4). 
In an evaluation of the possible physiological role played by the various components of 
the nucleus in nuclear division, this fact may be significant (see Section 2). 
A  second difference concerns the pale,  non-stainable  threads  being double; in some places 
this appeared likely, but unless I was absolutely certain, I did not indicate it in the drawing. 
The Allium material in question was fixed in alcohol. Even in animal cells the longitudinal 
splitting of the threads is never so clear following this treatment as after fixation with chromic 
or picric acid. 
6. One of the most important differences, finally, is the following. In my opinion,  the most 
remarkable phenomenon in nuclear division as regards  the physiology and the  mechanics 
of the whole process is the  reversed repetition, by  the nuclei of the  daughter cells, of the 
series of stages in the mother nucleus. Strasburger admits that this occurs in my material but 
denies that it exists in his own. 
I  fail to see his reasons.  In his own descriptions one finds essentially all the stages one 
would postulate if the daughter nuclei underwent a reversed metamorphosis. (See his Plate 4, 
loc.  cit.,  Figs. 23, 24, 57, 58: daughter star-figures;  Figs. 26 to 28: daughter  skeins,  with threads 
showing a  pronounced parallel course.) In the description of nuclear division in Tradescantia 
it is said that "the rods now assume a somewhat fan-shaped arrangement." Perhaps in plant 
cells this process of opening up is not so pronounced as it is in many animal cells, but a star 
stage does appear.  It is easily recognized when looked at from the pole. The events which 
follow (Strasburger, loc. cit., p.  7) i.e.  "the transverse banding" and "the spotted markings" 
of the living nuclei I take to be equivalent to the lattice and skein which are axially arranged 
within the stainable nuclear figure (for instance, Figs. 22 to 26, Plate 2). They are always 
much more distinct in plant cells, but may also be seen very clearly in certain types of animal 
cells.  ~ This difference, however, is not a fundamental one. I have now found these threads in 
Salamandra.  Tbey are rarely seen in epithelial, blood, or connective tissue cells (see Fig.  12, 
Plate  1),  and if observed they are never very distinct. In cells of testicular epithelium and 
occasionally in cartilage cells they may be seen more clearly (this confirms one of Schleicher's 
observations, Figs. 3, 4, and 10, Plate 13). In all of these cases the investigation must be made 
in a  medium of moderate refractive index in order to recognize the pale threads at all. I 
therefore believe now, contrary to my ideas expressed in the past (4), that these threads are 
of universal occurrence in indirect cell division, but they may be discerned with varying degrees 
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 of clarity. They, as well as the stainable nuclear figure, deserve our careful attention in any 
further study of the division process  (see Section 2 for more details and for further evidence). 
In adopting this view I find myself in disagreement with the definition and classification  of 
types of nuclear division proposed by Strasburger in his paper just cited (8, p. 284).  Those 
stages  of the equatorial  plate,  which he himself found in the integument  of the ovules in 
Nothoscorodon, and which I found in Salamandra,  he calls nuclear barrels, while the stages show- 
ing the pale fibers  are called nuclear spindles. He believes  that separation of the nuclear sub- 
stance into the elements of the nuclear plate proper  ~4 and the pale threads takes place in the 
spindles, and that no separation of this kind occurs in the barrels. But now, as I said before, I 
find that the separation is also seen in the barrels in Salamandra.  This raises the question as to 
whether the distinction should be maintained,  as it  might turn out to be based only on the 
clarity with which the structure can be seen35 The terms barrel  and spindle may, of course, 
still be used as convenient designations for these stages as a whole. 
Strasburger said very recently that "observations of nuclear divisions in various 
plants and animals have, to date, given results which agree often even in the most 
minute  details  and  that  "in  spite  of existing  differences,  this  agreement  is  suffi- 
ciently  great  to  permit  the  assumption  that  the  same  forces  control  division  in 
both cases." 
To me such an agreement has always seemed likely and I hope that in the future 
a  still  greater  correspondence  can  be  worked  out for the  details.  If this  is  to  be 
done, the 6 points enumerated above must be cleared up. For if Strasburger main- 
tains  his  current  opinions  regarding  these  matters  no  agreement  can  be  expected. 
The  differences,  it  seems  to me,  would  in fact be  so considerable  that  it would  be 
difficult  to think  of equal  forces being  at work in  the  two cases.  Let me cite  the 
stage of the equatorial  plate  discussed  under point  3  above  as an  example.  If in 
one case  (plants)  there  really are granules which divide  at this stage,  while  in the 
other  case  (animals)  segments  of threads  are  present  which  already  divided  at  a 
much earlier time, in either the skein or the wreath stage, and which simply move 
into opposing positions in the equatorial  plate  stage,  I  could not readily see how 
to account for both phenomena  by action of the same effective forces. 
D.  Mammals 
Eberth  (2) has described  some stages of nuclear division in pathological tissues  of 
rabbits.  Skein and star stages were clearly recognized. I  asked myself whether they 
would  also  be present  during  normal  growth. 
I  have found  them  in  large  numbers  as follows :-- 
1.  In rabbit  embryos in  the  epithelium  and  the  connective tissue  of the  amnion, 
in the epithelium of the body, in growing muscle and in the cartilage.  The amnion 
is  a  very convenient material  for this  purpose  and  contains  large  numbers  of di- 
visions. Treatment: Chromic acid, 0.1  per cent, safranin or hematoxylin; or picric 
acid, hernatoxylin or Partsch-Grenacher's alum carmine. 
2.  In the mesentery and  in the omentum  (connective tissue and developing fat 
tissue)  of nursing kittens.  Treatment:  as above, or, even simpler,  0.5 per cent acetic 
acid directly on the membrane spread on a  slide,  careful washing with water,  and 
staining with hematoxylin. 
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 A  few examples are  shown  in  Plate  2,  Fig.  30 a  to  d.  The  nuclear  figures,  as 
far as can be determined in objects of such small size, do not differ in any signifi- 
cant way from those  in  Salamandra.  So far I  have not  been  able  to  find  distinct 
nuclear spindles  (in Strasburger's sense, see above under cells of plants) composed 
of fine  fibers.  However,  since  the  structures  are  so small  I  do  not  consider  this 
proof of their not being there. After exposure to reagents the skeins of the daughter 
nuclei  (see Figs.  28 and 29,  Plate 2, cells of a  larval toad), the systolic star-figures, 
and  the  equatorial  plates  shrink  or  fuse  into  homogeneous  clumps  more  easily 
than in amphibians. This is to be expected, for all cells are small and therefore all 
nuclear figures are small and the threads lie close together. Under these conditions 
they are easily agglutinated. 
An  unsuccessful  attempt was  made  to  study  division  in  fresh  omentum  on  a 
warmed  slide.  The  nuclear  figures were so pale  that nothing  could  be seen dis- 
tinctly. 
I  have not yet completed my studies  on nuclear reproduction  in the division of 
animal egg cells. For the time being I  am assuming that homology will be found for 
all major points,  even though  the  conditions  seem to differ considerably  at first 
sight. The stainable structures (elements of the nuclear plate) of eggs and cleavage 
cells are known to be rather small and difficult to observe; but so far I see no good 
reason  why  the  division  here  could  not  begin  with  skein  and  star  stages  also. 
Schneider has already demonstrated the former stages in the eggs of Mesostomum. 
I  have drawn the sketches in Plate 2, Figs. 31  to 34, from preparations of Toxo- 
pneustus lividus,  which Herman Fol gave me two years ago. 46 The drawings are kept 
very simple since I  wanted  to show only how I  compare the stages seen in them 
with the conditions in other cells. Fig.  34 would be the equatorial plate (compare 
Plate  1, Figs.  10 to 14, of Salamandra;  Plate 1, Fig. 22  (really still a star-figure) and 
Fig.  23,  of plants);  Fig.  31:  separation  and  beginning  of the  star  stage  of the 
daughter nuclei corresponding to Fig. 25 and also Fig. 26, Plate 2; Figs. 32 and 33 : 
the skein stages  of the  daughter  cells  corresponding  to  Plate  2,  Fig.  28,  and  to 
Plate  3,  Fig.  35 g.  Since  the  nuclear figures of the  egg cell  are so small and the 
threads very fine, and since they are obscured by the large mass of granular proto- 
plasm of the egg, it is not possible to see their structure so clearly as in other ma- 
terial.  I  therefore cannot actually prove it to be the same as in other cells; I just 
consider  this  to  be most likely.  In  the  division of the  egg in  invertebrates some 
characteristic structures appear in the pale threads during the stage of the daughter 
skeins  at or near the  pole.  They soon unite to form a  shining body (Fig.  33,  x). 
H.  Fol  (6)  calls this  the  "corpuscule central d'un  aster." 
In the publication just cited  H.  Fol shows us many beautiful,  carefully drawn 
illustrations  of the  stages in  question  (Plate  6  and others).  I  do not believe that 
they contradict my interpretation, although this seems to be so for such particulars 
as  the  following.  Those  figures  of the  daughter  nuclei  which  I  regard  as  skeins 
(Figs. 32 and 33,  Plate 2) seem to be composed of separate granules in Fol's illus- 
trations and in  those of other authors.  I  grant that some of the figures certainly 
give  the  latter  impression,  but  others  look  to  me  like  continuous  and  slightly 
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 shrunken skeins. Since in all these cases the reagents seem to have produced some 
changes, I  consider it justified to assume that my interpretation is consistent with 
the facts.  ~ 
The  significant  result  of:the  'comparative  investigation  just  reported  may 
therefore be summarized br~efl)):" 
1.  The main  stages  of the  sequence of nuclear division figures which  I  have 
established in Salamandra: 
Nucleus of the mother  cell 
(progressive) 
Resting stage (framework) 
Skein 
$ Star 
"~  Equatorial plate ,z 
Nucleus of the daughter  cell 
(regressive) 
1" Resting stage (framework) 
Skein 
]' Stars 
(or nuclear barrel, nuclear spindle) 
have been found in the same sequence in almost all of the materials studied. Varia- 
tions in details can be observed in some forms, but these should not be considered 
significant. In materials not showing clear agreement with respect to some points, 
conditions  are  so  unsuitable  for observation that  it  remains  a  matter of choice 
whether to assume that such agreement exists or whether to doubt that it exists. 
It is  therefore permissible to extend the law found in Salamandra  to all of the 
materials studied. This law states that the stages in the mother nuclei are repeated 
in reverse sequence by the stages in the daughter nuclei. Consequently, one could 
imagine  (although I  will readily concede that this has not yet been proved) that 
the mechanics  of the division process in urodeles, to be described in more detail in the 
following section, might apply to all types of cells in plants and animals.  This as- 
sumption can claim the same validity as any other conclusion derived from reasoning  by analogy 
from  the known  to the unknown. 
2.  The  investigations  have  given  no  evidence  for  the  occurrence of types  of 
nuclear reproduction other than that of indirect nuclear division or karyokinesis,  a 
Appendix: On Nuclear 
Multiplication in Multinucleated  Cells 
Much  interest  has  recently  been  directed  at  multinucleated  cells  because  E, 
van  Beneden,  an  outstanding  investigator  of cellular  physiology,  reported  the 
occurrence of direct nuclear division without thread metamorphosis in these cells 
(I).  I  have discussed  (13)  the  reasons why  I  cannot  agree with  my friend van 
Beneden in  this matter and  why I  believe that  reproduction of nuclei in multi- 
nucleated cells can also be ascribed to indirect division. 
M. Treub (17) demonstrated shortly afterwards that the typical nuclear figures 
are found in the reproduction of several types of multinucleated cells in phanero- 
gams  (Humulus,  Vinca,  Urtica).  Recently published studies  by Schmitz  (15)  show 
it for multinucleated cells of Siphonocladaceae (thallophytes). 
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 I  have already presented  the indirect proof for animal cells  (13,  p.  14);  I  can 
now add the direct evidence. 
At the  onset of spermatogenesis  (July,  August),  the  testicular  epithelium  of Sala- 
mandra 48  is  excellent  material  for  a  study  of production  of multinucleated  cells. 
Only part of the numerous nuclear divisions which occur here lead to cell multi- 
plication  (see  Section  3).  At  times,  cell  multiplication  does  not  take  place  and 
multinucleated  cells result (Plate 3, Figs. 49 to 52).  Some may be so large and so 
full of nuclei  that  they can rightly be called  giant cells. 49 The  illustrations  show 
clearly that here nuclear reproduction follows the course of indirect cell division. 
While it cannot be disproved that direct nuclear constriction occurs concurrently, 
there is no reason for assuming this. 
Two  phenomena  are  especially  striking  in  this  material  and  important  for  the 
physiology of nuclear division. 
First,  usually  all  the  nuclei  in  a  multinucleated  cell  are found  to  divide  simultaneously. 
Treub made the same observation in plant material.  He says (17,  p.  2 of the re- 
print):  "Les noyaux  d'une m~me cellule  se divise  de preference  tous ~ la lois." 
Secondly, all the nuclei  in a multinucleated cell are usually  in the same  stage  of division 
at  any  one  time  (see  the  illustrations for both phenomena). 
Both  situations  are  encountered  so frequently  that  I  originally  thought  these 
were definite rules, but I was in error. After a lengthy search I found a fair number 
of cases, like the one shown in Plate 3, Fig. 52 (see explanation of figure), in which 
the  mother  cell  contained  nuclear  figures  in  different  phases.  Here  it  must  be 
assumed  that  some of the  nuclei  either  started  division  later  than  the  others  or 
proceeded more slowly. 
Sometimes one  of the  nuclei  in  a  multinucleated  cell  may remain  undivided 
while others are dividing.  So far I  have found only a few cases where resting  nuclei 
existed along  with  division  figures,  even though  I  have carefully searched for them. 
The resting nuclei  were in a  minority  (Fig.  49 a)  in all the instances found. 
Since simultaneous  division  of all nuclei  is  the most common condition  by far, it 
may be regarded as being the rule. The conclusion to be drawn from this is obvious 
and by no means unimportant.  The immediate causes which induce a nucleus  to undergo 
division  do not act within the nucleus  only.  They simultaneously  affect  the entire cellular  sub- 
stance  which  surrounds  the  nucleus.  If this  is  valid  for  multinucleated  ceils  then  it 
should  also apply to cells with  single  nuclei,  and  therefore we  are led  to search 
more assiduously than in the past for relevant phenomena in the protoplasm of cells 
entering division. 
In Section 3 another consideration which also applies here will be discussed in 
detail.  Almost all divisions are found  to be in the same stage throughout  sections  of 
testis tubules  of considerable  length.  This indicates  that the stimuli which lead  to 
division act upon the cells in question from the outside.  One thinks,  of course, of 
the  composition of the  fluids which  reach the  cells from the  blood vessels or in- 
directly  through  the  lymph channels. 
In the past I have found situations in the gill filaments of Salamandra which gave 
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 me  similar  ideas.  In  some instances  almost  all of the  connective tissue  cells  of the gill 
filament contained two nuclei. 
I  also  call  attention  to  the  well  known observations  that  in  large  areas  in  the 
liver of the rabbit most cells are either  bi- or multinucleated.  I  have found areas 
in a  pig liver where  about  50 per cent of the  liver cells  had  two or more,  up  to 
five, nuclei. 
This spring, even before I  had found indirect division in the multinucleated  cells 
of the testis,  I  observed a single case of this kind in an epithelial cell from the lower 
palate  of a  larval  salamander.  The  cell  (Plate  1,  Fig.  16)  contains  six  nuclear 
figures;  i.e.,  three  pairs  of daughter  star-figures.  The  condition  seems  to  be  rare 
in  the  epithelium  of Salamandra;  this  is  the  only  case  I  have  ever  noticed.  The 
amnion  of mammalian  embryos  (rabbits)  should  be  good material  for a  study of 
divisions in giant cells.  In some areas its connective tissue contains many beautiful 
multinucleated  cells.  I  have  not yet been  able  to fix any division  stages  in these 
cells;  therefore  I  believe  that  here  again  the  divisions  occur periodically,  as is fre- 
quently the case in other material,  and  I just  have not been fortunate  enough to 
catch such a wave of divisions by fixation. 
The  above  description  may  also  explain  one  of Eberth's  statements  (2).  In 
Plate  19,  Fig.  19,  he shows a  cell with four nuclear figures  (the stage is probably 
a  daughter  skein)  which he  interprets  to be  a  simultaneous  division  of the cell  into 
four.  Strasburger and I  (4, p. 404) have emphasized that we have never seen a cell 
divide  into more than  two at a  time.  Eberth's  observation  is  undoubtedly correct, 
but what he saw was division of a  cell which contained two nuclei. Just as in my own 
material,  these two nuclei became active at the same time, and were fixed in the 
star  stage of the daughter  nuclei. 
On  the  basis  of the  evidence  discussed  here,  and  of Treub's  findings,  there  is 
no  reason  to  believe  that  multinucleated  cells  originate  by a  separate  mode  of 
nuclear  multiplication  or that  their  nuclei  reproduce  in  any way other  than  by 
indirect  nuclear division  during  which they undergo all the usual phases of karyokinesis. 
SECTION 
New  Results  on the Morphology  and Mechanics  of Cell  Division 
In  a  recent  publication,  v.  Bischoff,  our  venerated  teacher  in  developmental 
studies,  said,  "Thus  I  still  believe,  in spite of all conjugation of nuclei,  and of all 
karyolytic, spindle-shaped  or sun-ray-like  figures,  that  the  nature  of fertilization 
cannot be observed, it can only be reasoned out." 50 
This  statement  on the  nature  of fertilization  could,  with equal justification,  be 
made for the nature of cell division. As far as the ultimate nature of the processes is 
concerned,  it cannot be refuted.  All current studies directed  at exploration of the 
events in fertilization, cell division, and all the other vital manifestations of the cell 
must,  for  the  time  being,  be  concerned  with  what  can  be  ascertained  morpho- 
logically and chemically. But it would be wrong to take v. Bischoff's statement as 
a  maxim in order to deny the importance of these studies.  We will  never  be able 
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 to see the innermost nature of these processes. Neither can we see the positions of 
the heart valves in systole and in diastole in the living body. Nevertheless, we may 
claim to  understand  them,  since  we  can reason  them  by logical  inference.  The 
deduction is made exclusively from precise anatomical, physiological, and physical 
observations. If, for the time being, we assemble and compare observations on the 
life processes of the cell,  we do so with the hope that they will  and must aid in 
the ultimate insights  and physical explanation  of the same phenomena.  Without 
this conviction I  would  have no basis for sitting at my microscope any longer. 
My motive in writing this introduction was to justify my considerable preoccu- 
pation with detail in the following description.  I  still find major gaps in my obser- 
vations because I  have not been able to make them detailed enough. 
One must have precise knowledge of the visible morphological manifestations of the 
division  processes  and  know  to  what  extent  these  occur  regularly  and  to  what 
extent they vary, in order to make any assumptions as to their mechanics. 
What forces act in the cell during division? The first step in solving this question 
must be the answer to another, purely morphological one: Do the shifts in position 
of the visible, formed structures  in  the  cell  and  in  the  nucleus  follow a  scheme, 
and  if so, what kind  of scheme? 
The  first  studies  of B/itschli,  Strasburger,  and  O.  Hertwig  clearly  seemed  to 
indicate  such  a  scheme.  Since  only  nuclear  plates  and  nuclear  spindles  were 
known,  it was  believed  that  a  differentiation of the  contents of the  nucleus  into 
longitudinal  fibers  took  place,  followed  by  an  accumulation  of granules  at  the 
equator of the longitudinal  structure,  division of these granules, and movement of 
their halves toward the poles. 
The more recent studies of animal cells no longer confirm this scheme, at least 
not as being universally applicable. It is evident that neither skein nor star stages 
can be fitted into it, nor can it accommodate the structural make-up of the equa- 
torial  plate  in  animal  cells. 5t  This  being  the  case,  one  has  to  start  again  at  the 
beginning and must, wherever possible, determine the morphology of the process 
more accurately than  has been done so far. 
Fixed and preserved material had to be used almost exclusively for this purpose. 
The  hope of making further progress  through  observation of living  cells  in  Sala- 
mandra and other suitable material turned out to be vain. A  few successful results 
were  obtained  in  testis  ceils,  but  in  all  other  instances  this  summer's studies  of 
larval salamanders convinced me that nothing more can be seen in vivo than what 
I  have already described. 
The fixed preparations were some compensation. I  have gradually accumulated 
a  large  collection.  By  selecting  and  comparing  the  most  successfully  preserved 
nuclear divisions, I have seen hundreds of examples of each stage and gained many 
new insights. 
Since, depending on the action of the reagents, the nuclear figures are at times 
arranged diffusely, and at other times arranged more compactly, the study of large 
numbers is of some value.  In the former condition  their structure can, of course, 
be more easily ascertained.  The condenser is very helpful when used  on sharply 
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 stained  preparations.  By  its  use  reflection  is  reduced  and  the  stained part  of the 
material is about all one sees.  Under these conditions the course of the threads can 
often be traced more accurately. 
A. Early Phases 
The new material gave me little new information on these stages.  I  have nothing 
significant to add  to my earlier statements  (4,  p.  364 ft.)  concerning the process 
whereby  the  stainable  figures  arise  from the  resting  nucleus.  Examination  of a 
large number of the  earliest  stages as drawn  in  Plate  17,  Figs.  1 and 2  (4);  and 
Plate  l, Figs.  1 and 2 here; and of an even larger number of nuclei which had not 
yet started  division,  gave further  support  to  the  impression  that  the  network  of 
the  resting  nucleus  furnishes  the  morphological foundation  for  the  densely  wound 
skein of thin threads (Fig.  1 b) which represents the beginning stage of karyokinesis, 
but that all of the stainable material of the nucleus forms the skein. Using the defi- 
nitions here proposed I  can state it as follows: the chromatin of the whole nucleus 
is gradually incorporated into the network, and as a result the network grows and 
assumes  a  regular  arrangement. 52  The  threads  become  progressively  more  evenly 
wound,  and  spacing  between  these  convolutions  is  roughly equidistant,  but  they 
tend to be closer together at the periphery than in the center of the nuclear figure. 
This is followed by shortening  and thickening  of the continuous skein of threads. 
I  do not  believe that  even in  Salamandra  any discontinuity  of the  skein  in  these 
early stages can be demonstrated.  It certainly cannot  be demonstrated  in  other 
materials with smaller nuclei,  but  I  think  it may exist. 
No indication whatsoever could be found that granules are present at first and 
later "grow into threads" as claimed by others (Peremeschko, Strasburger, loc. cit.). 
I  counter these statements by recommending well stained  preparations of tissues 
with  large  nuclei,  cleared  in  balsam. 
The behavior of the nucleoli during the formation of the nuclear figure was given 
special attention.  In Salamandra  one can be certain that they disappear at a  very 
early stage of the  mother skein  (4,  Plate  17,  Fig.  2 c)  and that,  conversely, they 
reappear  only  in  the  latest  daughter  stages.  In  both  cases  the  small  bodies  in 
question  appear as  thickenings  of the  trabeculae  of the  net.  It is  impossible  to 
decide here whether  they correspond  to the  nucleoli proper or whether  they are 
only  thickenings  of  the  trabeculae  which  enclose  either  the  nucleoli  as  separate 
structures or the sites where the nucleoli will form. 
In the  division of plant cells,  however,  it is evident--and  I  can only confirm 
Strasburger's most recent statements--that the nucleoli persist for a  much longer 
time in the nuclear figure of the mother cell and that they reappear relatively early in 
the nuclear figures of the daughter nuclei. 58 (See Strasburger's illustrations, reference 8.) 
I  believe I see in these cases that the nucleoli are never completely detached but 
always  remain  connected  to  trabeculae.  I  therefore  assume,  with  Strasburger 
(loc.  cit.,  p.  279),  that  their  formation is  initiated  by swelling  of individual  tra- 
beculae.  In many plant  cells  they are,  relatively speaking,  much larger than  in 
animal cells. 
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 In animal cells  I  find the disappearing nucleoli in the mother cell and the re- 
appearing nucleoli in the daughter cells  always in an eccentric position. This  also 
seems to be the rule in resting  nuclei. 
A few important conclusions on the behavior of nucleoli in nuclear division may 
be drawn even on the basis of this limited  information :- 
First,  the nucleoli cannot be the most immediately important and initiating 
agents in nuclear division or in cell division. In animal cells, where the nucleoli 
have  already  been  dispersed  at  the  beginning  of the  division  process,  one 
might be tempted to assume that their dissolution and incorporation into the 
network is the stimulus for its further transformation. I have carefully avoided 
such a  hypothesis. The circumstances in plant cells  clearly show it to be un- 
tenable; here the nucleoli persist well into the skein stage. 
Secondly,  the  nucleoli  do  not  participate  morphologically  in  nuclear  division. 
This is evident from the facts just reported. 
Thirdly  (and  at  this  time  we  must  simply  consider  it  as  an  assumption 
rather than  as  a  conclusion), the structures which we call nucleoli may not 
be morphologically important parts  of the  nucleus  at all,  but rather deposits 
of substances which are used  up and formed again in the metabolism of the 
nucleus.  They  would  still  remain  physiologically  important  parts  of  the 
nucleus  (their almost universal occurrence would indicate this anyway), but 
they would not be truly organic; i.e., morphologically essential components of 
the nucleus. 
At present we know that they seem to be formed by the trabeculae of the 
net  (see  above) or at least in some connection to them.  Therefore, the term 
deposit  just  used  does  not  indicate  that  they  accumulate  in  the  interstitial 
substance without any attachment. 
It  should  especially  be  noted  in  this  connection  that  Strasburger  (14,  p.  4) 
reports  granules  in  the nuclei of Tradescantia,  which he considers to be starch be- 
cause of their iodine reaction. 
I  do not,  however, propose the statements just made as an hypothesis. They are 
only intended to call attention to the subject.  In view of our current total  ignorance 
of the  nature  of the  nucleoli this  approach seems  appropriate. 
Another  question,  which  I  mentioned  briefly  in  the  first  part of my study, 54 
should also be raised here.  Many very good observers  55 have described nerve end- 
ings  in  the  nuclear  bodies.  I  do  not  think  that  the  objective correctness  of the 
observation can be doubted, but one may question whether the strands that were 
seen in these cases were really nerve fibers.  They may have been trabeculae of the net 
which happened to have a  rather straight course and appeared to be continuous 
with  nerve fibers  touching the  cell  or extending along its  side.  The  behavior of 
the  nucleoli in  nuclear  division  makes  it very difficult  to think  of them as  intra- 
nuclear end organs of nerve fibers.  One would then have to assume that such an 
end organ disintegrates morphologically during the division of the mother nucleus, 
forms  anew  in  the  daughter  nucleus,  and  then  connects with  its  proper  nerve 
ending again. I would not want to make such an assumption unless  more compel- 
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 ling  evidence  existed  for  the  presence  of  intranuclear  nerve  endings  than  the 
observations just mentioned. 
For the time being I  want to state that in my preparations of gill filaments of 
Salamandra  I  have traced beautiful nerve fibers between the epithelial cells. They 
may even send  branches to the epithelial cells although this cannot be seen with 
certainty. But I have searched with great care and I have never seen a single image 
indicating that an end fiber of the nerve enters the nucleus. 
B.  Segmentation of the Nuclear Threads  and the Transition 
from the  Skein  Stage to the  Star Stage 
Important new information has been obtained on this stage and on the following 
one.  I  can  therefore  complete and  correct my earlier opinions  and  assumptions 
on the changes in position undergone  by the threads. 
In Part  I  (4,  p.  368,  375)  it was stated  that in skein stages of the kind shown 
in Figs.  16 [Note: should read  1 b] 2, and 3, Plate  1, no interruptions  of the  convo- 
luted thread can be recognized with certainty even in tailed amphibians, and defi- 
nitely not in organisms with smaller nuclei.  Since at first the threads are very thin 
and the convolutions are very close together,  it is still possible that interruptions, 
or regions predisposed to separate, are actually present  at this time  or even at the 
very beginning of division. However, nothing was observed in any of the organisms 
discussed in Section  1 which would support this conclusion firmly, and there was 
definitely  no evidence for "granules  growing  into  threads." 
The first definite interruptions in the skein of threads are seen in the stages shown 
in Fig.  4,  Plate  1. But one can find cases of more diffuse skeins in which one sees 
few or no discontinuities at the transition to the wreath stage or even in the wreath 
state  proper.  Therefore,  the  tentative  conclusion  that  the  fragmentation  of the 
continuous skein of threads into separate segments need not take place at a very specific 
moment in karyokinesis  seems warranted. 
It even may occur still later.  I  first assumed 56 that in the wreath stage  (Fig.  6, 
Plate  17,  4)  all  the  segments  of thread  which  had  been  formed  were  of equal 
length,  and  assumed  roughly  the  shape  of a  figure  8,  with  one  loop  pointing 
toward the center and the other toward the periphery, thus  constituting  the struc- 
ture of the wreath.  The peripheral loops of the wreath then separated, giving rise 
to the star with its free ends,  and finally--this had to remain a  pure assumption-- 
the  central  loops separated  as well.  The equatorial  plate  (Fig.  14,  Plate  17  (4), 
and  Fig.  17,  Plate  1)  [Note:  there  is  no  Fig.  17  on  Plate  1;  it  probably  should 
read  Fig.  1 1]  would  therefore consist of two equal  groups of separated  halves of 
segments of threads.  In the meantime longitudinal  fission of the threads occurred 
so that each segment was divided into two longitudinal halves. 
According  to my new  information  the  process  is different, and somewhat sim- 
pler. Starting with the premise that the segmentation of the threads can occur at 
either an earlier or a later  time,  one can assume  that  part  of it  may be delayed 
until  the wreath  or  star  stages.  The  last  laggards  are  found  in  images  such  as 
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 those  shown in my Fig.  11,  Plate  17  (4),  where  the  very last  loop  is just  in  the 
process  of separating.  Separation  does  not  necessarily  occur  in  the part  of the  loop 
nearest the periphery  (as shown in the figure at 5, 52) [Note: should read s  1, s  ~] but may 
take place closer to the center. 
In other words, the directing forces which cause the thread configuration  to enter the wreath 
stage  and then  the more regular  star stage  may act upon  the skein either  before it breaks into 
equal  segments  or  only  after  the  separation  is  completed.  (Wreath  stages,  as  shown  in 
Fig.  6, Plate  17  (4), are evidently incipient star-figures,  since many of the threads 
are already radially arranged,  even though still strongly bent.) 
I would like to find a different explanation, one more compatible with the views of Stras- 
burger, Peremeschko, and Schleicher (loc. dt.). If, as they claim, granules are formed in the 
nucleus first  and  then  grow into  threads,  the  breaks  which are found in the  skeins  and 
wreaths as shown in Figs. 4 and 5, Plate 1  ; and Fig. 6, Plate 17 in Part I  (4), could represent 
free ends of threads still in the process of elongation. Discontinuity would then be the primary 
condition, but Klein and I believe it to be secondary. 
I cannot make this assumption, because it would require that the earlier the stages studied, 
the more breaks should be found. My description demonstrates that the reverse is the case. 
Besides, I never find any granules in my material. 
Another  point  is  even  more  significant  for  the  mechanics  of the  process.  In 
Salamandra,  at least,  I  am now certain  that the centrally  directed loops  of the threads  in 
the  wreath  and star  stages  do  not  separate  at ally  This  could  only be  ascertained  by 
careful comparison of a  large number of nuclear figures in the stages in question. 
The  threads  which  are  formed  vary  in  length 58  and  the  distances  between  them 
vary as well. When they are close together it is impossible to decide whether or not 
there  are  free  ends  in  the  center  of a  star-figure.  But  frequently  the  figures  are 
sufficiently  diffuse  to  trace  each  individual  thread.  The  shortest  segments  can  be 
followed  most  easily.  In  many  of these  figures  the  origin  and  structure  of the 
star-figure  are  well  demonstrated  (see  for  example  Figs.  8  and  9,  Plate  1 ;  and 
Figs.  35 a,  b and 40,  Plate  3).  The star-figure is composed of loops of threads  either 
bent at or near their middle or curved more gently.  Until the radial stage proper 
is reached the loops are often haphazardly intermingled or scattered 59 as in Figs.  5 
to 8, Plate  1 ; and Fig. 35 a,  b,  Plate 3.  Individual threads  often lie apart from the 
rest of the group (Figs. 8, 9, 35). But they must conform to the same order imposed 
upon the  others,  for at  the  onset  of the  monaster  stage  all of the  vertices  of the  loops 
are drawn toward the center, and all the free ends of the arms are turned away from the center. 
Irregular  pictures  of division  stages  often result  from a  number  of incomplete 
early attempts of the nuclear threads to accomplish this arrangement.  I have found 
them  difficult to interpret.  Arrangements  like  those in Figs.  6  and 7,  Plate  I, are 
cases in point. Here the loops have moved to the poles in about two equal  groups; 
one might think they were about to separate into the daughter nuclei without pre- 
viously having been arranged in the equatorial plate.  Klein believes this to be  the 
case (12). However, I  am sufficiently familiar with images of this type in  divisions 
in  living  material  to know  that  when  observations  are  continued  such  a  direct 
separation  is  never  seen to take place,  and  that the  threads  always assemble  at  the 
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 equator  before division.  In figures of this  kind  many of the vertices  of the  loops  are 
already  clearly  oriented  toward  the  center  or  toward  the  equatorial  plane  (see 
Figs.  6  and  7,  Plate  1),  while  others are  not,  and  it is possible  that even  some  of 
the centrally oriented  loops may again temporarily abandon  their positions.  One 
might say that the attractive force of the center varies in strength for a  considerable 
period  and  may,  at  times,  abate  completely,  resulting  in very irregular  arrange- 
ments  of the  threads.  However,  the  centralizing  force  finally  prevails;  even  the 
last unruly loop of thread becomes arranged properly and the star stage is completed 
according to the  simple scheme  of vertex  of the loop toward the center and ends  of  the 
arms toward the periphery  (Figs.  8  and  9, Plate  1; Fig. 40,  Plate  3;  and  Part  I  (4), 
Figs.  10 and  11,  Plate  17). 
Here it must be added that the star stages are not so regular in  all types of cells 
as they are in epithelium,  connective tissue,  and  blood  (i.e.,  red  blood cells)  and 
(as I  may claim at least for Salamandra) in cartilage.  In the testis cells  of Salamandra, 
where  the  division  figures  are  characterized  especially  by short  length  of the  seg- 
ments of threads,  the vertices of the loops rarely move close enough to the center to have 
the resulting figure clearly resemble a  star  (Plate 3, Fig. 40). 
In the testis cells I  was able to follow the stages in question in living  condition  by 
direct observation.  Images such as those shown in Plate  1, Fig.  10 a  to c  appear  and 
change  gradually. 60  The  material  at  first  gives  the  impression  of completely  ir- 
regular karyokinetic movement,  of the kind  Schleicher regarded  as  being  typical; 
but when it is fixed and stained  one can determine  by careful focusing  that  even 
in apparently quite irregular figures some order exists, namely that all  the vertices 
are closer to the center than  are  the free ends of the  arms of the  loops  (compare 
Fig.  40 and its explanation). 
At times,  even in cells of skin epithelium  the loops may not move any  closer  to 
the center, as for instance in Fig. 9, Plate  1 here, 6' but well defined  stars  in which 
the loops are almost or completely in touch at the center are the rule  in  epithelia, 
connective tissue,  and red  blood cells. 
The following must be kept in mind as regards the illustrations just cited.  It is impossible 
to reproduce accurately in the drawing such a  group of bent threads which are arranged 
according to the model "vertices in the center, ends at the periphery"  unless  a very large 
format and three-dimensional shading are used.  Even if careful focusing shows all loops in 
the preparation to be closer to the center than the free ends, as for instance in Figs. 9 and 40, 
this can only be shown in a schematic fashion in the drawing, usually by rendering the loops 
darker than the ends.  Besides, not all threads lie at an equal distance from the center; many 
are seen more or less from above or in oblique optical section, and the arms of the loops do 
not always maintain a radial course but are often bent or twisted.  Because of all these factors 
the star stages  in many specimens are hardly recognizable after staining (especially in the 
testis cells where the thread segments are so short). In pale living material where it is difficult 
to trace individual threads by focusing, it is often impossible to distinguish the star stage. 
Here frequently you cannot tell systolic with bent rays from equatorial plates,  and the stage 
can only be identified by continuing observation. 
In Section  l, when discussing cells and plants, it was stated that no completely formed star 
stages could be found, perhaps for the same reasons. 
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 PLATE 
Figures 17 to 26, divisions of plant nuclei; 
Figures 17 to 19 of Nothoscorodon fragrans,  the rest of Allium odorum 
(All from stained preparations. All nuclear figures show the intensity of stain 
indicated for Figures 25 and 26.  Alcohol-alum carmine) 
FIGURE  17  Resting  endosperm  nucleus. 
FIGURE  18  Skein  stage  of a  mother cell from 
the  same  tissue.  Nucleoli  are  still  present. 
FIGURE  19  Beginning  of  an  early  stage;  it 
appears to be granular  but with good illumina- 
tion  threads  can  be  seen.  All  of  the  apparent 
granules  might  also  be  interpreted  as  optical 
sections  of  threads  (compare Figs.  I  b  and 2, 
Plate  1;  Fig.  2  c,  Plate  17,  Part  I,  4). 
FI(~URE  20  A  slightly  more  advanced  stage; 
here  it  is  quite  convincing that  the  apparent 
granules are in reality optical sections. 
FIGURE 21  Star stage of Allium  (this, and the 
following from the periphery of the ovary). Some 
of the threads clearly show a  longitudinal split; 
this has only been drawn when it could be recog- 
nized beyond any doubt. 
FIGURE 22  Flattened star stage from the same 
tissue;  the  achromatic  spindle  is  seen  at  the 
ends.  (The  dark  ends  of the  threads are  those 
appearing  optically  shortened;  i.e.,  those  seen 
from  above.  The  threads  are  slightly  bent.) 
FIGURE  28  Equatorial  plate  of  Allium  (com- 
pare  the  preceding  plate  and  the  text  under 
cells of plants,  Section 1).  The structure at the 
upper left is probably a  displaced loop of tlaread 
(compare  Figs.  43  to  ~5,  Plate  3,  and  Fig.  13, 
Plate 1) ; it can easily be seen that threads rather 
than  granules  are  present.  The  stage  has  been 
drawn as it seems to be, since the nuclear figure 
is smaller by a  third  than  that  shown in  Figs. 
l0 to 14,  Plate l, and there it was just possible 
to see distinctly what has been drawn. 
FIGURE  24  Daughter  star-figures  of  Allium. 
They lie obliquely on top of each other; this can 
be determined by focusing. 
FIGURE ~5  Allium, shortly after separation of 
the  nuclear  figure.  Achromatic  spindle  visible 
in the center as well as at the poles. 
FIcvaE  26  The same, slightly later stage;  the 
daughter  star-figures  are  flat  and  hollow;  we 
are  looking  into  the  hollow  area  of  the  lower 
one.  They  are  composed  of  separate,  unfused 
threads. 
FIGURES ~7, ~8, and ~9  Mouth epithelium of a 
larval  toad, chromium-safranine.  Fig.  ~7,  skein 
stage of mother cell, Seibert immersion objective 
XI.  Fig. 28,  skein stage of daughter cell, Hart- 
nack immersion objective 9.  Fig. 29, skein stage 
of  daughter  cell.  The  threads  have  been  ag- 
glutinated  by  the  reagents  and  appear  as  ho- 
mogeneous clumps. 
FIGURE 80  a,  b,  and c  Divisions of connective 
tissue cells in the omentum of a  nur~'ing kitten, 
divisions very abundant;  Fig. 80 a  from anlage 
of  fat  tissue;  acetic  acid-alcohol-bematoxylin. 
Fig. 80 d, dividing connective tissue cell (daugh- 
ter  star-figures)  from  the  amnion  of  a  rabbit. 
Numerous  divisions in all  stages were found in 
this  tissue and  in  the epithelium. 
FIGURES 31  to  3¢  Sketches of division in  egg 
cells  for  comparison  (from  preparations  of  H. 
Fol  of  Toxopneustus  lividus,  osmium  carmine). 
Fig.  34  corresponds  to  the  equatorial  plate 
(Figs.  10  to  14,  Plate  1),  Fig.  31  to  the  stage 
of separation and also to  the  star  stage  of the 
daughter  nuclei,  Figs.  32  and  33  to  the  skein 
stage  of  the  daughter  nuclei  (compare  Figs. 
15  b,r28). 
The  follouqng  figures  are  addenda  to  Plate  1, 
epithelium of Salamandra. 
FIOURE  15  a  Equatorial  plate;  some  of  the 
threads are twisted, others are in irregular posi- 
tions. 
FIGURE 15 b  Cell division which always occurs 
during  the  skein  stage  of  the  daughter  nuclei 
(compare Figs. 28,  32).  In the neck of the con- 
striction a  very delicate clear region can be seen; 
it contains very tiny structures placed at equal 
intervals  (corresponding to  the elements of the 
cellular plate of Strasburger?). 
FIGURE  15  C  Star-figures of the daughter cells 
shortly after separation, slightly oblique aspect; 
distinct vertices of loops are at the poles. 
FIeURE  15  d  The  same,  slightly later;  also in 
oblique position. As seen from the pole the upper 
nucleus  would  appear  as  a  ring  with  an  open 
center,  weakly  held  together  on  one  side  (the 
upper one) by a  single loop of thread. The ring 
of the lower nucleus is not closed; it would look 
like a  horseshoe if seen from the pole. One finds 
this often. 
Both  figures  show  that  the  loops of threads 
persist as entities from the equatorial plate stage 
until  the star stage of the daughter cells  (com- 
pare the line engravings in Section 2). 
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  The segments,  i.e.  the loops in each nuclear figure, always appear  to be  of about 
equal length 62  (but  they vary in  length  from one  nuclear  figure  to  another).  The 
two arms of one loop,  furthermore,  are of about equal length  at the  time  of the 
star stage proper. This is also difficult to reproduce in the drawings.  Those threads 
or  arms  of loops  respectively,  which  in  many of my figures  here  as  well  as  in 
Figs.  8,  and  I0 to  12,  Plate 17  (4), have been rendered  as  being shorter than the 
others,  did  look  shorter,  because they  were  seen in  optical  section, but  they  are  not 
shorter  in  reality.  Peremeschko  (5,  16)  maintains  that  during  these  stages  in 
Triton  alternate  lengthening  and  shortening  and  thinning  and  thickening  of  the 
threads takes place. I  have not observed this in my living Salamandra  material;  all 
apparent shortening of the threads can be related to shifts in  position.  Whenever 
the threads lie in a vertical or oblique plane relative to the stage of the microscope 
they appear to be shortened. Since, however, I  have not studied living larvae of  Triton 
I  do not want to contradict Peremeschko's statement. 
While I  assumed at an earlier time that there must be shortening at least of the 
polar rays in the systolic star-figure (4, p. 381) I no longer consider this assumption 
necessary. The explanation  will  be found  under  the following heading. 
C. Rearrangement  of the  Star Stage into the Equatorial  Plate 
This stage,  since it marks the  transition  from a  monocentric to a  dicentric  system  of 
forces in  the cell,  is especially important for the elucidation  of the  physiology of 
nuclear division. 
The stage of the  nuclear figure which  I  have called  equatorial  plate  (Plate  1, 
Figs.  l0  to  14)  evidently  corresponds  to  Strasburger's  nuclear  plate  and  also 
partially to his nuclear  barrel or spindle.  This investigator and others take  it  for 
granted  in  their material that a  bundle  of nuclear  threads  is  present,  located  in 
the  center  of the  cell,  roughly  parallel  to  its  axis.  Only  at  this  time  do  the  nuclear 
threads divide  in halves at their midpoints  at the equator of the cell and then move apart. 
In Part I, p.  381  (4)  I  gave the reasons why this assumption did  not  apply to 
my material.  It was shown that in all of the types of cells studied  the  threads  are 
always discontinuous  at  the  equator.  Equatorial  plates in which  all of the  threads 
extend throughout  the whole nuclear figure in the direction of the axis  are  never 
found. But at that time I had not yet determined how this stage originated  morpho- 
logically and  had  therefore only presented  some speculations  on the subject  (loc. 
cit.,  p.  383)  which were explicitly designated  as such. 
This gap can now be filled in an unexpectedly simple fashion. 
As stated  above, the  centrally located  loops do not  break apart during  either  the 
star  or the  equatorial  plate  stage.  They are simply carried  over intact from  the  star 
stage and then rearranged in a manner most easily described by the following scheme. 
For the  sake of clarity we  assume a  star containing  only eight  arms;  i.e.,  one 
with four loops. The vertex of each loop points toward the center, the ends  of the 
arms toward the periphery (Fig.  l, Line Engraving I). Now assume a  point acting 
as the center of force, which  has the  property of attracting  the  vertices of the  loops 
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 of threads and of repelling  the free ends of the arms. This center would tend to maintain 
the star stage arranged as shown in Fig.  1. Then assume this center to  be divided 
into  two,  the  halves  moving  to  opposite  poles.  Each  one  will  draw  the  vertex 
closest to it into the position shown in Fig.  2 in the Line Engraving I; the  star  is 
thereby opened out into two halves.  In each half the loops of thread are  now  ar- 
ranged according to the model: vertex toward the pole, arms toward the equator. 
The two resulting daughter  star-figures  are still flattened or bell-shaped. In relation 
to the territory of their future half-cell, each of them again shows the arrangement 
which  was  obtained  earlier  in  the  star-figure  of  the  mother  cell:  central  vertex, 
peripheral arm. 
Line Engraving I 
1  2 
An  unprejudiced  look at the preceding and  the following stages would  almost 
prove that it must be so (see Plate 3,  Fig.  35 a  to e drawn from observations of a 
division in a living cell).  The number of loops in the mother figure in a and b  is apparently 
the same as that in e in both of the daughter  cells combined.  This condition will be found 
everywhere at this  particular stage.  Even when threads  cannot be traced  clearly 
or when individual  threads  cannot be counted  it is easy to make an estimate.  If 
the loops in Fig.  35 a and b are rearranged in the manner shown above, Fig.  35  d 
followed by Fig.  35 e [Plate 3]  will result. 
In a  living cell in any of the species used so far it is very difficult to  investigate 
the stage in which  these  changes  occur  (Fig.  35 c).  In this  stage the  pale living 
threads  lie  especially  close  together;  therefore,  all  images  of this  stage  are  in- 
distinct (see Part I, Plate  16, Figs.  1 g and 4 d; Plate 3, Fig. 35 c here).  Well  fixed 
and sharply stained equatorial plates, however, give sufficient information. Among 
the hundreds  I  have studied in the course of time  63 the threads in many instances 
were spaced in a  sufficiently diffuse way  64 to trace the complete course of the  ma- 
jority of them.  A  few examples are drawn  in  Plate  1,  Figs.  10 to  14. 
As already mentioned,  I  have never found  an equatorial  plate in which  a  con- 
nection  of  all  the  threads  at  the  equator  could  be demonstrated  (as  has  been 
claimed  by other investigators).  Only an occasional thread  will  show  it  (in  epi- 
thelial, connective tissue, and blood cells). The testis cells are an exception; in them 
a  connection  of this  type is  often observed  (Plate 3, Figs.  35 d,  42,  59).  But here 
especially, continuous observation of the living object (Fig. 35) indicates that this 
connection should be considered secondary rather than primary. Study of the whole 
sequence demonstrates that prior to the stage in which such connections occur at 
the equator (Fig. 35 d) there is another one (Fig. 35 a and b) in which the number 
of large loops of thread  is approximately the same as later in the two combined 
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 daughter groups.  In  order to derive the  latter figure from the former the most 
logical assumption seems to be that the loops in Fig. 35 b arrange themselves with 
their vertices pointing toward the poles and their free ends toward the equatorial 
plane; at this time some of the free ends touch and perhaps fuse temporarily. 
This assumption is supported by observations on well stained, diffusely arranged 
equatorial plates. Line Engraving II will make this clearer; however, attention is 
called to the  more detailed  illustrations  of the  material  itself. 
Star 
Diastole  Systole 
Line Engraving II 
Equatorial plate  Nuclear  barrel 
1  2  3  4  5 
W 
6  7 
Let us start with the diastolic star-figure, Fig.  1 (compare for instance  Fig.  9, 
Plate  1).  In systole, Fig.  2,  its rays, i.e.  the arms of the loops of threads,  incline 
toward the equatorial plane (compare Fig. 8 here, Fig. 5, Plate  18, 4). The equa- 
torial plate stage proper follows (3), the inclined arms now pass across the parallel 
plane of the equator, the vertices are drawn toward the poles, the arms toward the 
equator.  The  loops  have  thus  been  turned  around  but  are  still  slightly  inclined 
toward the equatorial plane, resulting in the highly flattened shape of this nuclear 
figure  (Fig.  3,  Line Engraving  II; compare Plate  1,  Figs.  10,  11,  and  13).  The 
vertices continue their movement toward  the  poles,  the  position  of the  arms  to 
the equator becomes progressively more vertical  (Fig.  4  in  the  Line Engraving, 
compare Plate  1,  Figs.  12 and  14; Plate  2,  Fig.  23)  until  finally the  barrel-like 
stages  are reached.  In the latter stages  (sometimes even earlier)  the ends of the 
arms may touch and fuse (as indicated in Figs. 6 and 7 in Line Engraving II), but 
they will separate again as the nuclear figures of the daughter cells move apart. 
If one now substitutes the many loops of threads shown in the illustrations for 
the few in the line engravings, takes into account the fact that we are dealing with 
three-dimensional figures where most of the threads are not seen in one plane as 
in the diagram but in varying degrees of foreshortening or as optical sections re- 
spectively, and finally adds  that the arms  of the loops are usually curved rather 
than straight, and that there are many irregularities making a precise mathemati- 
cal arrangement impossible, then the figures in the plates can be made to corre- 
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 spond to the diagram without any difficulty. It will also be clear why, in the living 
material where  hardly anything but the pale optical sections are seen,  the image 
of such  an  equatorial plate could  only be as indicated in the figures of Plate  16, 
Part I  (4). 
In  Part  I,  Plate  16,  Figs.  2  k  and  6;  Plate  17,  Fig.  13,  I  showed some  of the 
images often seen in the equatorial plate stage of material that is not very distinct, 
especially living material. These images appear strange,  but can easily be under- 
stood in the terms just discussed. Twisted threads are seen, usually located at the 
equator.  They  often  seem  to  form  connecting  bridges  (Plate  16,  loc.  cir.,  Fig.  6) 
between  the groups of threads located at the poles, but do not do so in reality.  65 
If 20 to 60 loops of threads are substituted for the 4  in Figs. 3  and 4  of Line En- 
graving  II,  arranged  in a  three-dimensional barrel stage,  only some of the  arms 
being straight while the others are greatly  contorted,  and  all intermingled, focusing 
in  different planes will then  produce  images as shown  in  Fig.  13,  Plate  17,  and 
Fig. 6,  Plate  16,  Part I  (4). 
The equatorial plate drawn  in Plate  2,  Fig.  15, shows an example of a  twisted 
and somewhat irregular position of the threads at a  time when  the nuclear  figure 
is about to separate into the two daughter halves. 
I can see only one other possibility  of deriving the figures from each other in such a way as 
to support a true primary connection of the threads in the star stage and a subsequent sepa- 
ration at the equator. 
One could assume that the loops of thread of the star straighten and that these straightened 
threads then become aligned in a  bundle parallel to the axis and surrounding it, and that 
each of the threads now breaks in half in the equatorial plane. The process would be sche- 
matically represented as follows :-- 
Line Engraving III 
 7Y" 
1  2  3  4 
This,  however,  is  not  compatible  with  configurations actually seen,  for  the following 
reasons :-- 
1. In this type of arrangement the free ends of the threads should always be found at the 
polar sides of the equatorial plate and of the nuclear barrels (compare Figs. 2, 3, and 4 in the 
diagram above). But this is not the case; whenever a figure is diffuse enough to show any- 
thing at all clearly, one sees the vertices (Figs. 12, 13, and 14, Plate I) at the poles. 
2. Discontinuities of the threads in the equatorial plane should not be found until the late 
nuclear barrel stage (Line Engraving III, Fig. 4) ; but they are seen in all equatorial plates. 
3.  (Most important). The figure should be much longer in the polar direction than it actually is. 
Its minimum  length should equal  the diameter  of  the  diastolic  star  (this follows from the diagram 
shown in Line Engraving III). 
However, this is definitely not so; the length of the equatorial plates in the polar direction 
is much  less than the diameter of the star-figure; the ratio is always in agreement with the 
earlier diagram (Line Engraving II, Figs. 1, 3, and 4). 
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 For all  of these  reasons  I  reject the  aforementioned assumption  and  maintain 
my own.  The latter gets further support from the behavior of the nuclear figures 
of the daughter cells in their earliest phase;  i.e., the  star  phase.  The  star-figures of 
the daughter cells consist of loops of the same length found in the star-figure of the mother 
cell, not of single straight  threads (see below). The scheme presented in Line Engrav- 
ing II explains this in a  simple manner; other premises require very complicated 
explanations. 
The alternating systoles and diastoles of the star stages,  a  hitherto  mysterious phe- 
nomenon,  could also be explained  on these premises (4,  p.  380). 
Line Engraving IV 
Diastole  Systole  Diastole  Equatorial plate 
1  2  3  4 
In all the drawings, the dots shown in the center represent an entirely schematic 
designation  of the hypothetical centers of force. A  single center exists  in the stage 
of the  diastolic  star (Fig.  1).  One can assume that a  start toward  the  division of 
this center into two is made during each systole (Fig.  2), but that the  attempt fails 
several times. The figure of threads returns to the monocentric condition  (Fig.  3), 
and finally the separating force prevails (Fig. 4).  In each abortive attempt of this 
kind the separating centers tend to draw the vertices of the loops toward the  poles, 
the arms  consequently  incline  toward  the  equator  (Fig.  2).  This  represents the 
systolic stage of the star-figure. 
Earlier I  postulated that this stage resulted because of an inclination of the rays 
toward the equator,  but I  assumed then that a  simultaneous shortening of the rays 
directed  poleward also played a  role  (4,  p.  381).  It is difficult to decide whether 
or not such a  contraction occurs, but according to the above scheme this assump- 
tion  is not needed  to explain  the configuration of the systolic star-figures. 
D.  The Longitudinal  Splitting  of the Nuclear Threads 
This phenomenon has not yet been discussed in my presentation up to this point; 
its significance remains as enigmatic to me as it was before (4, pp.  380,  382).  After 
much more extensive investigation I can state that it is a constant phenomenon dur- 
ing the division of epithelial, connective tissue, muscle, and red blood and cartilage 
cells in Salamandra.  In this organism it can be recognized easily even with a magni- 
fication of 300  in well preserved and stained  material. 6~ Having seen a  few good 
examples, no one could  consider  the phenomenon  to be an  artifact.  Even if one 
were to assume that complete separation into two longitudinal halves is due to the 
effect of the reagents  67 one would  still have to admit that the disposition to split 
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 existed  previously, and  that the  threads  must therefore be composed of two dif- 
ferentiated  longitudinal  halves,  otherwise  the  phenomenon  could  hardly  be 
understood. Further evidence for the threads being naturally doubled structures is 
provided by the fact that, in all of the types of cells mentioned, the thread segments 
o/the equatorial plate, o/the nuclear barrel, and o/the initial stages of the star-figures of the 
daughter cells are found to be half as thick and double in number as compared with those of 
the thick-armed star-figures of the mother cell. This alone seems to be sufficient evidence 
to regard the double threads  as natural  structures. 
Investigation of cell division  in  the testis  (see  Section  1)  at first made me doubt 
that the threads always split.  I  saw indications of longitudinal  splitting only in a 
few cases in material treated with reagents; in the living, free-swimming testis cells 
it could  nowhere  be seen with certainty  (see Plate  3,  Fig.  35).  Furthermore,  the 
threads  of the nuclear  barrel and  of the star-figures of the daughter cells in  this 
material are just as thick as those of the star-figures and skeins of the mother cells 
(compare Fig.  35). 
Thus there remain two possibilities: splitting of the threads may either not occur 
in all types of cells or it is an inconspicuous process of such short duration in ma- 
terial like the testis cells that the halves of the threads hardly separate at all and 
are already fused again in the stage of the nuclear barrel. 
Splitting  of the  threads  has not yet been observed in the other organisms dis- 
cussed in Section  1 (Trit0n, batrachians, plants, mammals). This need not indicate 
that it actually does not take place in these organisms. Almost all of the materials 
are much too small and are not suitable for making a  decision on this point.  (For 
plants, however, see Plate 2, Fig. 21.) 
In addition,  I was able to determine the following facts concerning the splitting 
of the threads. 
1.  It may occur as early as the diffuse skein stage or the wreath stage or  most 
commonly in the star stage.  I  made a  tentative statement to this effect earlier.  I 
can now support it with a much larger number of actual observations. 
2.  The splitting either occurs simultaneously in all loops or segments of thread 
in each nuclear figure, or is always confined to a very brief period even when some 
of the threads split a  little earlier than the others. This follows from the fact that 
almost invariably whenever a  nuclear figure shows any splitting of the threads it 
is seen everywhere. One rarely sees images of some of the segments being split while 
others are not. 6s This proves that the impetus which establishes the tendency for 
the nuclear threads to split longitudinally acts simultaneously throughout the whole 
nuclear figure. 
E. The Figures of the Daughter  Nuclei 
As these figures leave the equatorial plate and  begin to move apart they appear 
in the somewhat variable shapes which have been compared with baskets (Eberth), 
half-barrels  (Strasburger),  or  partially  opened  flowers  of composites  (Mayzel). 
None of these, however, describes their structure properly. Each of the objects used 
for comparison  suggests rods with free ends  directed  toward  the  pole as well as 
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 toward the equator.  But this is not the case (especially in urodeles). We have just 
discussed  the structure  of the equatorial  plate and found  that the situation  after 
separation has occurred is as it was before--loops of threads are present, their two 
arms merging at the poles. The schematic Fig.  15,  plate 1, explains this; compare 
it with Line Engraving II, Fig.  5.  At times one finds figures which are almost as 
regular as the schematic drawing; i.e., each daughter" figure has roughly the shape 
of a  palm tree,  one of the arms from each loop combining in the center to form 
the stem,  the other half extending peripherally to form the crown of leaves. The 
former,  however,  are  never  as  close  together  as  the  diagram  in  Fig.  15  would 
indicate.  Regular arrangements  of this type are especially common in red  blood 
cells. 
I  do not know whether this stage always occurs; in any event it soon changes in 
such  a  way that the  centrally directed  arms also  move toward  the periphery to 
become placed  between  the  others  (Fig.  11,  Plate  18,  4).  The vertices directed 
toward the poles still persist  69 (Fig.  35 e,  Plate 3,  Fig.  15 c and  15 d,  Plate 2). 
Especially when seen from the  pole it is  clear that  the  nuclear figures  have a 
radial structure--even though the star-figures are laterally compressed  and hollow.  In 
my opinion  it is  therefore justified  to consider  this stage a  repetition  of the  star- 
figure of the mother cell.  In many specimens the similarity to the latter becomes 
even more complete, for some of the rays of the daughter nucleus may open out 
toward the pole  (Fig.  16,  Plate  17,  4).  I  must admit, however, that this does not 
occur  in  all  cases  and  that  the  daughter  nuclei  remain  somewhat  compressed 
laterally even when it has. 
Whenever the nuclear figures are diffuse the radial arrangement of the daughter 
star-figures is very distinct, and there is no doubt that the loops at the poles remain 
intact  (Fig.  15 c and  15 d,  Plate  2  and explanation). 
I  have suggested  (4,  p.  393)  that in Salamandra  the loops of threads may again 
fuse lengthwise in pairs of twos,  either in the  nuclear  barrel stage or later in the 
stage of the daughter star-figures. It would be difficult indeed to avoid this assump- 
tion in view of the longitudinal  splitting which has taken place in the star-figures 
of the mother cell.  After the split the threads,  as expected,  are seen to be half as 
thick and twice as numerous as before (see Fig.  10,  11  to  14,  Plate  1),  but in the later 
stages of the daughter star-figures they are again half as numerous and twice as thick 
as in the figures composed of fine rays. This can be explained most easily by assum- 
ing longitudinal  fusion of the threads in pairs of twos. 
Another observation which I  described earlier would  also be explained by this 
assumption. At the time it constituted  a  riddle.  Once in a  while double star-figures 
are found  in  a  cell  (Fig.  9,  Plate  17,  4).  At first  sight  they  might  be  taken for 
star-figures of daughter cells, comparable with those of Figs.  24 or 30 d [Plate 21 
if their rays were not double,  thus being of exactly the same structure as those of the 
mother cell in the process of splitting.  But if one recalls that longitudinal splitting 
of the rays of the star-figures may occur either at an earlier or at a later time (see above) 
one  might  expect  the  timing  of the  corresponding  process  in  the  regressive se- 
quence,  i.e.  the  (hypothetical)  re-fusion of the two loops of threads,  to  be  subject 
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 to a similar variation. Usually it would take place during the nuclear barrel stage 
or even as early as the equatorial plate stage and could not be observed distinctly 
since  the  structures  were  too close  together.  Occasionally re-fusion could  be de- 
layed until a  later stage, the star stage of the daughter nuclei.  In this fashion one 
could explain images like the double-rayed double star-figures in Fig.  9, Plate  16, 
Part I  (4). 
According to other investigators fusion  of the threads is said to start at the poles 
in the stages shown in Figs.  15,  Plate  1, Figs.  24,  and 26, Plate 2, and then to pro- 
ceed toward  the equator.  In urodele  amphibians this  is  not so,  nor could  I  find 
any evidence for it in the other materials I  have studied  (Section  1). The threads, 
and especially the loops, are frequently very crowded at the poles and therefore in 
living material appear as a  confluent mass. Such polar fusion is also often seen in 
fixed and stained preparations.  I  have many examples, but they are always those 
showing swelling or shrinkage of other nuclear figures as well. The better and more 
thoroughly  preserved  the  material,  the  rarer  is  the  clumping  of these  daughter 
nuclei.  I  must therefore consider them to be artifacts.  In the case  of  Triton  I  can 
refer to Klein who mentions nothing about the daughter nuclei being homogene- 
ous. To judge from his illustrations he used beautifully preserved material. 
I  have little  to add  to my earlier communications on the  subsequent  stages of 
the  daughter  nuclei.  More  detailed  observations  confirm  the  occurrence  of  a 
wreath stage following the star stage, that is to say, still another stage of the radial 
type (Fig.  17, Plate  17, 4). But here the threads are contorted and intertwined and 
fewer and fewer discontinuities  can  be found.  Viewed  from the  pole the  wreath 
often has an open center. The best explanation of this transformation can be made 
on the assumption that the peripheral ends of the arms of the loops in the daughter 
nuclei  have fused.  From the discussion above it follows that the centrally located 
vertices may never have been separated at all. 
A  typical wreath stage with an open center apparently need not always occur. 
I  have  therefore  eliminated  the  wreath  stage  as  a  separate  phase  and  have  in- 
cluded it in the following one (this also applies to the stages in the mother nucleus). 
The figure now narrows  into  a  skein,  the  convolutions  approaching  so closely 
that in the living object they appear as a  homogeneous clump. Actually they are 
often turned into a  clump by action of the reagents  (Fig.  29).  For details see Sec- 
tion  1 under cells of plants.  I  do not deny that the threads  may come to lie side 
by side in certain  organisms  (Strasburger  and  others).  This may result in actual 
contact, but I  can see no reason to call it fusion, especially since it is evident that 
the  daughter  nuclei  are  again  composed  of threads  in  the  stage  which  follows 
immediately. 
For this is the stage of the daughter figures in which the transverse lattice pat- 
tern  appears (Figs.  2  and  3,  Plate  18,  Part  I, 4).  Finally these figures are trans- 
formed into the irregular frameworks which  mark  the return to the  resting stage. 
In stages  of daughter  nuclei  comparable  to  those  shown in Fig.  1 b, Plate  1, for 
the nucleus of a mother cell, one now notices for the first time, in  urodeles, the ir- 
regular thickenings in the trabeculae of the  net. They represent  the  net-knots  or 
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 perhaps even sites of formation of nucleoli.  In plants,  Strasburger has shown that 
the thickenings appear at a much earlier stage. 
F.  The Achromatic Figure of Threads 
From  the  studies  of  Biitschli,  Strasburger,  O.  Hertwig,  and  Mayzel  (loc.  cir.) 
we have known for some time of the existence, in  different  organisms, 7°  of those 
types  of nuclear  division  figures  which  contain  bundles  of fine  threads,  usually 
arranged in the form of a spindle located between the poles. Coarser structures are 
found to be accumulated in the middle of the bundle  (for example, Fig. 34). They 
then  separate  from each  other  and  move to  the  poles  to  form the  bases  of the 
daughter nuclei. The term nuclear spindle has been coined for this type of division 
figure. 
The authors mentioned assumed at first that the coarser structures  (which they 
usually  called  granules  and  which  are  identical  with  Strasburger's  elements  of 
the nuclear plate) were swellings of the fine fibers (nuclear fibers). 
The correct interpretation  is,  however, already to be found in Mayzel's results 
obtained in studies of frog cornea and of other materials (1876 to 1877,  see illustra- 
tions  in Strasburger,  Jena.  Z.  [Naturw.],  December,  1877,  drawn  from Mayzel's 
preparations),  which  show  that the  elements of the  nuclear  plate are not simple 
granules, and, more importantly, that they need not represent swellings of the fine 
nuclear fibers,  but may actually have no connection with them.  Strasburger has 
conceded that this may be the case. 
I am now convinced :-- 
1.  That  in  all those  materials  the elements of the nuclear plate just men- 
tioned  must  be homologous  to  the  structures  which  make up  the  stainable 
nuclear figure,  that is to say, the  nuclear threads  of Salamandra  and  other am- 
phibians  (4,  p. 420 and elsewhere). 
2.  That  they  can  always  be  distinguished  from  the  other  fine  nuclear 
fibers by the property just mentioned: they stain easily, while the latter do not 
stain. This distinction does not seem to have been noticed by other authors, n 
3.  That  in  all  of the materials which I  had examined up to that time the 
stainable  nuclear  threads  are not swellings  of the  pale nuclear fibers but lie 
beside them (4, Plate  18, Fig.  17). 
These points have been confirmed in all of the materials studied since then. 
I  have been able to demonstrate the existence of the pale threads in those types 
o2 cells in Salamandra whose divisions were described in Part I  (4).  I  missed them 
earlier and had therefore doubted their existence. 72 The demonstration is a difficult 
task in  this material,  and can be done successfully in only a  minority of nuclear 
divisions. 
In sharply stained nuclei the pale threads will not take up even a  trace of stain 
and in well cleared material they become totally invisible. Thus, in the very best 
preparations of stained nuclear figures they cannot be seen at all.  In order to find 
them I now avoid these methods, using either acetic acid alone or studying chromic 
or picric acid preparations in water or in diluted  glycerin instead.  In divisions of 
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 epithelial,  connective  tissue,  or  cartilage  cells  I  occasionally  found  some  distinct 
though delicate nuclear fibers of this type at the poles of a  star or equatorial plate 
stage  (Plate  1,  Fig.  12). 
In divisions of the testis cells in Salamandra  they [nuclear fibers]  can be seen even 
more clearly  (Plate  3, Fig.  43 ft.).  The material was fixed with chromic acid and 
stored in glycerin. If gum dammar was used as a  clearing agent the threads could 
not  be  seen  in  the  testis  cells  either.  They were  often  distinct  in  material  where 
clearing with gum dammar was not completely successful; i.e.,  where some water 
or alcohol remained. 
In all of the cell types mentioned  above, the pale threads,  whether at the poles 
or extending between the two halves of the separating nuclear figure at the equator 
(Figs. 46, 47,  13 ft.),  are much more delicate and usually do not show the regular 
straight  course  of those  in  the  testis  cells  and  in  some other  material.  One  often 
sees only traces,  but in most cases they cannot be recognized at all. While I  admit 
these facts I  still believe that the few positive cases should carry more weight than 
the many negative ones, if the former will permit us to conclude that there exists a 
fundamental similarity in all of these processes. 
The achromatic  figures in plant  cells  are  often very distinct,  as can be seen  in 
Strasburger's numerous illustrations.  Strasburger was not aware of the differences 
between  the  two kinds  of threads  in regard  to staining,  but it can  be  beautifully 
demonstrated  in plant cells  because here  the  nucleus usually stains  more sharply 
than in most animal tissues.  (See Figs. 25 and 26 ofAllium  odorum from the periphery 
of ovary. As in my earlier  illustrations,  color intensity is reproduced  to resemble 
that of the preparations  as closely as possible.)  Here again the achromatic spindle 
fibers are very distinct in some of the nuclear division figures while in immediately 
adjacent figures in the same type of tissue they can barely be made out or cannot 
be seen at all. 
A  structure  is frequently mentioned which,  I  think,  must be identical with the 
pale  threads  just  discussed.  To  my knowledge,  the  relationship  has  never  been 
pointed out. I  am speaking of the pale threads which remain stretched out between 
the  daughter  figures,  according  to  the  description  of  Strasburger  and  others. 
Strasburger has recently called them cell threads since in plant cells the cell plate 
forms within them. 
When I look at the many illustrations in Strasburger's book  Uber Zellbildung  und  Zelltei- 
lung  I  find it hard  to understand  why the idea of these  threads  being  identical with  the 
cell threads appearing later has not been expressed.  [Note: "these threads"  refers to the pale 
nuclear threads discussed  above.] But Strasburger evidently does not share my opinion,  for 
in describing the stage of separation  in Nothoscorodon  in his  new publication  (8,  p.  227)  he 
says, "Fig. 22 shows the next situation: The halves of the nuclear plate have moved farther 
apart  and  have  begun  to incorporate the halves of the spindle composed of fine threads. 
Other threads now become visible  between the two separating halves of the nuclear plate; 
these I no longer want to call nuclear threads but cell threads instead. The change of designa- 
tion is necessary,  because the term nuclear threads leads to a  confusion with the threads 
lying within the nuclear figure, on the one hand, and because, on the other hand, the cell 
threads are not derived from the nuclear substance but rather from the protoplasm of the 
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 cell invading the region between the two nuclear halves. Any nuclear substance which may 
at first  be present in the threads is soon taken into the two sister nuclei."  Strasburger thus 
assumes  that  the  original  threads  of the  nuclear  spindle  cease  to exist  as morphological 
entities,  are  incorporated  into  the daughter  nuclei,  and  that  the  structures  he  calls  cell 
threads appear de novo between the nuclear halves. His description was made from alcohol 
preparations of Nothoscorodon. I  have also used  this material  (as well as Allium)  and have, 
furthermore, resorted to staining. I cannot find anything in the material which would force 
me to accept Strasburger's opinion. Nuclear figures like those shown in Figs. 23, 25, and 26 
definitely give the impression that  the pale threads  at  the poles  are continuations of the 
pale threads at the equator and that the same spindle composed of fine fibers persists from the 
stage shown in Fig. 22 until the stage shown in Fig. 26. However, I  do  not want  to deny 
that, as Strasburger assumes,  the achromatic threads may be incorporated into the daughter 
nuclei as they undergo their regressive  changes. 
Wherever it is possible to demonstrate clearly the existence of the threads at all, 
I  find them to differ from the nuclear threads in the same way as do the pale fibers 
of the nuclear spindle; they cannot be stained (Figs.  25, 26, Plate 2).  In my opinion it 
is simplest to assume that there is no difference  between the two kinds of threads and that 
they  are  neither  being  spun  from  the  nuclear  halves  nor  formed  by  any  other 
process.  They exist  inside  the  equatorial  plate  and  the  nuclear  barrel  before  di- 
vision  starts.  When  the  two  halves  of the  stainable  substance  move  toward  the 
poles  they simply slide  along the  pale  threads  which  thereby  become  visible  in the 
area of the equator.  As far as I  can see, nothing known at present contradicts this 
assumption. 
However,  I  am  well  acquainted  with  one  phenomenon  which  might  not  be 
compatible with the opinion just presented  and might be raised  in support of the 
view  that  the  threads  are  being  spun.  In  the  separating  daughter  figures  the 
chromatic threads  are,  at times,  attenuated at their equatorial  ends.  Occasionally two 
attenuated  ends lying opposite each other are seen to be connected  (Figs. 42, 43). 
But it was stated above (in this section, part C) that in this stage contact resulting 
in fusion  of ends  occurs fairly often.  At these  points  the  connecting  threads  may 
actually  be  stretched  out  during  separation.  The  achromatic  threads  under  dis- 
cussion, however, may not be involved in this at all and the two phenomena need 
not be related in any way. 
The assumption that these achromatic fibers are spun from the separating daugh- 
ter  nuclear  figures  themselves--and  therefore  are  derived  from  them--is  con- 
tradicted  by the following simple fact, that is shown by every well stained prepara- 
tion : the stainable daughter nuclear figures are equal in mass to the mother nuclear 
figure from which they were derived.  Since the achromatic fibers comprise a  con- 
siderable amount of material, especially in plants, it is difficult to imagine how they 
can  be  developed  from  the  daughter  nuclei  while  the  latter  retain  an  equal 
volume. 
The  assumption  that  these  threads  (the  cell  threads  of Strasburger)  are  iden- 
tical with the pale threads  of the  nuclear spindle is not in opposition to any  facts 
observed thus far and  it supports  the correctness of Strasburger's  statements  con- 
cerning division in  Tradescantia  (14). Fine threads were not seen in the early stages 
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 in this material,  and the division is therefore classified  as a  nuclear barrel.  But I 
think it is entirely possible that here,  as in many other materials  (especially Sala- 
mandra),  the fine threads cannot be recognized in this stage of the equatorial plate 
because  they are  covered by the  very thick  and  bulky stainable  threads.  In the 
equatorial plate of Allium or Nothoscorodon shown in Fig. 23,  Plate  1, I  am pleased 
when  I  can  clearly see  that  the  stainable figure  consists  of threads rather  than  of 
granules. In this figure one cannot determine whether any fine, unstained threads 
lie between them (similar to the occasional ones seen in the area of separation in the 
center, or the numerous ones seen at the ends). It certainly is possible that they exist. 
In some figures of this kind the pale threads cannot even be detected at the poles. 
Strasburger's  most recent  statement  on  the  cell  threads  in  question  in  Trade- 
scantia--"There  can  be  no doubt that this substance was already present between 
the nuclear rods (i.e., the stainable nuclear threads), for the rods are clearly seen to 
withdraw from it"--can easily be  reconciled with  my own view even  though it 
evidently does not imply quite the same thing. 
To  briefly  recapitulate  my own  opinion:  During  division  metamorphosis  the 
nucleus  of the  cell  produces two morphologically distinct  entities.  One,  the  stainable 
figure of threads, takes up all of the chromatin of the nucleus. The other consists of 
achromatin,  but  one  must keep  in  mind  that  it  need  not  incorporate all  of the 
achromatic  substance  of the  nucleus.  In  many  cases  a  considerable  amount  of 
space remains between the pale fibers of the nuclear spindle.  We do not know at 
what time in karyokinesis the latter figure arises in a morphological sense; accord- 
ing to current information it first appears as a spindle extending from pole to pole 
when the  stainable  figure is  in  the  star  or equatorial  plate  stage.  However,  it  is 
possible that the morphological determination of the threads of this spindle  takes 
place in some fashion while the stainable figure is in the skein stage. 
The two thread  figures which arise in this way may thus be distinguished  as a 
chromatic figure  and  an achromatic figure.  The former is  identical with the structure 
here usually referred  to as the nuclear figure;  the latter,  with  both the cell threads of 
Strasburger and  the  nuclear spindle consisting of fine  threads  of a  number of other 
authors.  These terms will be used henceforth. 
With  respect  to  external  shape  a  difference  exists.  In  some kinds  of cells  the 
achromatic  figure  is  elongated; in  these  cases  it  extends  beyond  the  chromatic 
figure at the poles in both the star stage and  the equatorial plate  stage  (4,  Plate 
18, Fig. 17; and Figs.  25, 34, Plate 2). In others it is stubby and will often be hidden 
by the chromatic figure. 
The former corresponds to Strasburger's nuclear spindles  and the latter  to his 
nuclear barrels. Fig.  12, Plate  1, shows an equatorial plate of the barrel type (from 
the epithelium of SaIamandra) in which a small, very pale portion of the achromatic 
threads is seen at both poles. 
The  achromatic figures  deserve  to  be  studied  with  as  much  attention  as  the 
chromatic ones, for if it is at all justified to assume the existence of either centers of 
direction or centers of attraction which control the shifts  in position of the chro- 
matic nuclear threads,  and  to speculate  about the  location of these  centers,  one 
must look for them in the domain of the achromatic figure. 
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 Study of the achromatic figure in vertebrate cells is very difficult because it is 
very pale.  At the equator,  I  have been able to distinguish  differentiations of the 
achromatic  threads  in  a  few cases  in  cartilage,  connective  tissue,  and  epithelial 
cells. They seem to correspond to the cell plates of Strasburger  (Plate 2,  Fig.  15 b). 
In plants they can be seen very clearly.  It remains an open question whether or 
not  they  are  constant  structures  in  animal  cells  and  whether  they have,  in  this 
case, the same significance as Strasburger ascribed to them in plants. According to 
Strasburger and Treub the threads either initiate or at least participate actively in 
the division process in all cases where the body of the cell divides by partitioning 
rather  than  by constriction  (for details  see reference 14  and others).  In animals, 
however,  these threads  or elements of the cell plate are found  in cases where di- 
vision  is  definitely  by constriction  (for  instance  in  the  mucous  cells  of the  epi- 
thelium  of the  larval salamander  Part  I,  Plate  16,  Fig.  4;  see  also  Strasburger, 
14,  p.  12).  A  good example is illustrated in Plate 2, Fig. 15 b here. A clear area ap- 
pears in the center of the neck of the constriction; it seems to contain a number of 
very delicate structures spaced evenly in the equatorial plane. No distinct threads 
could be seen in this case, but in the vicinity of the clear area the reticulum of the 
cell  protoplasm  seemed  to  be stretched  in  a  longitudinal  direction.  One should, 
a priori,  assume that in this instance the phenomenon has the same significance in 
respect to  nuclear  division  as  in  plant  cells.  Therefore,  even in  cases  where  cell 
division  is  by constriction,  the  differentiation  of the  pale  threads  has some rela- 
tionship to the division process. 
In the material first used by Btitschli,  H. Fol,  Strasburger, and O. Hertwig the 
achromatic figure of threads happens to show in a very striking manner, especially 
in egg cells and in many plant cells. For this reason the aforementioned investiga- 
tors took those types of nuclear spindle having relatively bulky pale threads extend- 
ing  between the poles and relatively small chromatic  threads  (compare Figs.  31  to 
34,  Plate  2)  to  be  characteristic  of nuclear  division  in  general, n  This  is not the 
case,  nor  need  there  exist  any  specific  difference  between  them  and  the  other 
types. In view of the facts we have outlined,  the different types probably represent 
mere variations in unessential detail. When we adopt this point of view the whole 
concept is greatly simplified. The nuclei in the materials just mentioned  (egg cells 
and  others)  contain  less  chromatin  than,  for  instance,  those  in  all  the  cells  of 
Salamandra.  During  division  this  ratio will,  of course,  be clearly manifested,  the 
bulk  of  the  chromatic  threads--Strasburger's  elements  of  the  nuclear  plate-- 
often being much smaller than that of the achromatic threads.  It is unlikely that 
we will be able to decide in the near future whether in egg ceils, for instance, these 
small chromatic threads  (Figs. 31  to 34, Plate 2) really pass through the positions 
and  stages characteristic  of tissue cells.  Strasburger  and  others have called  them 
granules and  state  that they divide.  Thus far  I  have tried  in vain  (Section  1)  to 
determine whether  these  structures  in the egg are also loops of threads.  Even in 
otherwise favorable material  (echinoderms)  the  structures  are too small  and  are 
obscured too much by the yolk in the protoplasm of the egg cell for this purpose. 
In  plants,  on  the  other  hand,  where  the  chromatic  structures  are  of relatively 
greater size  (Figs.  22  to  26,  Plate  2)  it is  evident that they are threads  rather  than 
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 granules. In some especially favorable materials, like those shown in the two figures 
cited, one can almost see that loops of threads are present which bend back at the 
poles  (Fig.  23)  exactly as they do in  the equatorial plate  in Salamandra  (Figs.  10 
to  14, Plate  1). The same conditions are found in testis  cells  (Figs.  44, 45, Plate 3). 
In cases  like  the  present one,  where  we  find the  most distinct achromatic nuclear 
spindles composed of fine threads, the chromatic figures behave in exactly the same 
way as  they do during  the  division  of those  cells  in  which  the  fine  achromatic 
threads cannot be seen at all.  It would therefore be reasonable to assume that this 
applies also to egg cells and other cases,  and that in fact it is true everywhere that 
the structures which are small and indistinct and look like granules are in reality 
loops of threads  and  that the main features of the sequence of chromatic figures 
everywhere are in agreement with the sequence I  found in amphibians and con- 
firmed  in  many other  organisms.  At present  this  can  only be  an  assumption but 
one must admit that it is the simplest and the most likely one since it brings into 
congruity several forms which would otherwise appear to be highly heterogeneous. 
In order to maintain the hope of establishing this kind of homology I  have em- 
phasized  that  the  achromatic  figure  of threads  may possibly  always  be  present 
along with the chromatic figure, even though the former cannot be seen in many 
types  of  cells.  I  have  therefore  not  concurred  with  Strasburger's  distinction  of 
nuclear barrels (lacking the achromatic threads) and nuclear spindles (with achro- 
matic threads).  I  propose here to consider the matter in the following way:- 
Starting with the assumption (which is adequately supported by the results ob- 
tained in stained material) that the nuclei of different types of cells contain different 
ratios of chromatin and achromatin, individual cells  in the same tissue  may also 
differ in this respect although to a lesser degree. When a dividing nucleus contains 
a  large  amount  of achromatin  and  relatively  little  chromatin,  the  achromatic 
threads  are  accordingly larger,  more distinct,  and  not so much obscured by the 
chromatic threads. In this case we will find a nuclear spindle in the stage of separa- 
tion. In the opposite case the achromatic threads are delicate and pale and there- 
fore often remain invisible, and in the stages in question one sees only the chromatic 
nuclear  figure  composed  of coarse  threads.  This  holds  for  most  of the  cells  of 
Salamandra, for the  integument of Nothoscorodon according to Strasburger,  and for 
some  other  cases.  If we  adopt  this  point  of view  we  can  readily  recognize  the 
relationship between the apparently different types, and we can even easily under- 
stand why one of two cells  of the same kind will show only the coarse chromatic 
figure while in the one next to it the fine achromatic figure is seen.  I  have often 
made  this  observation  in  both  animal  and  plant  cells.  The  relative  amount  of 
chromatin in the two nuclei may be the only difference. 
I  prefer  this explanation  because it  is  simpler  and  more unified  than  that  re- 
quiring  the  existence  of two  entirely  different  types  of nuclear  division.  But  I 
readily  admit  that  exclusion  of  the  latter  alternative  must  await  the  results  of 
further investigations. 
In order to summarize the results of this section in the clearest possible manner 
I  present  them according to  the  scheme of the  nuclear division  process which  I 
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 developed in Part  I  (4).  The main steps of the sequence are retained; a  few points 
have been changed  as a  result of the new discoveries. 
Line  Engravings  I,  II,  and  IV  in  the  text  above  should  also  be  referred  to  in 
connection with the outline. 
MOTHER  NUCLEUS 
(progressive) 
1.  Framework (resting stage).  (1.) 
Condensation  of the  chromatin  to  form 
the 
2.  Skein,  (2.) 
which gradually becomes more diffuse as 
.~  its threads  thicken. 
Segmentation 
i.e.,  distinct  separation TM  into  segments  of 
thread. Before segmentation is complete, 
there usually occurs a 
Wreath stage 
of the  convoluted  skein  of threads,  an- 
ticipating the following stages of the ra- 
dial type. 
The  segments bend  to  form loops and 
begin to arrange themselves according to 
the  model:  vertex of  the  loop toward  the 
center,  free  ends of  their  arms  toward  the 
periphery,  thus results the  ~" 
3.  Star stage.  (3.) 
~,  (The  achromatic  threads  appear  in  this 
and  in the preceding phase.) 
Systoles and diastoles of the star-figure 
(for  explanation  compare  text,  Section 
2C). 
Longitudinal  splitting of the rays,  this 
may already have happened in the preced- 
ing phase.  T 
After repeated  attempts,  indicated by 
systoles  of the  star-figure,  there  follows 
the definitive rearrangement of the loops 
according to the model : vertices toward the 
poles, free ends toward  the equator (this ap- 
plies  to  each  group  containing  half the 
total number of loops). 
Thus  has been formed the 
~---~4. 
DAUGHTER  NUCLEI 
(regressive) 
Framework (resting stage). 
Recombination of the chromatin and the 
achromatin. 
Skein, 
which gradually becomes more compact. 
Interruptions  in the convoluted skein of 
threads are no longer distinct. 
Interruptions of the skein (fusion of ends 
of threads?)  become progressively fewer 
and less distinct. 
Often:  Wreath stage. 
The threads  assume contorted courses. 
Star stage. 
Longitudinal 
pairs  of twos? 
fusion  of  threads  in 
Gradual  rearrangement  of the  loops 
in each daughter figure according to the 
model (referring to the future half-cell): 
vertices  toward  the  center, free  ends toward 
the periphery. 
Equatorial Plate  ---J 
While  the  scheme  does  show the  general,  typical  changes  in position  which  the 
nuclear threads undergo during division, it does not in any way represent an actual 
theory  of the  mechanics  of nuclear  division.  We  have  to  accept  our  ignorance  as 
to  the  causes  of  the change  from the monocentric  to the dicentric condition,  that 
is  to  say,  of the division  of one  hypothetical central force, which either directs or 
attracts,  into two directing centers  of this type which move to opposite  poles. 
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 In presenting his ideas on the nature of the mechanics of nuclear division Stras- 
burger  75 takes the  causes for the development of a  polar antagonism in  the cell, 
in the nuclear spindle, or in the nuclear barrel, respectively, to be unknown  and 
simply accepts the fact that it is so. Heretofore his considerations of any details of 
the  mechanics  of nuclear  division  have been  concerned with  one stage  only,  the 
stage immediately preceding division; i.e., the equatorial plate, nuclear spindle, or 
barrel. He considers  it plausible  ~6 that the poles exercise a repelling action  in the 
nuclear spindles. This forces the elements of the nuclear plate (the structures I call 
chromatic threads)  into the equator.  I  admit that the forces which,  for instance, 
affect the transition from Fig. 9 into Fig.  10 (Plate  1) or in Line Engraving I from 
Fig.  1 to Fig. 2, could be thought to repel from the poles rather than to direct from 
the center. At present both assumptions are purely hypothetical and I do not want 
to defend either one.  I  stated explicitly in my presentation above that I  postulate 
a center of forces, centrally located at first and then divided in the direction of the 
axis, only to facilitate comprehension. 
If I  had to choose between the two assumptions at this time, however, I  would 
prefer the latter to the former (that of Strasburger).  His view of formation of the 
equatorial  plate  by a  repelling  force  emanating  from  the  poles  would  serve  to 
explain only the origin of this one stage. By invoking forces which attract toward 
the center, as I  did above, we can understand  the mechanics of the star stage and 
even to some extent of the skein stages  (see above). Furthermore,  I  cannot admit 
that the deployment of forces leading to the formation of the nuclear barrels should 
be entirely different from that leading to the nuclear spindles as Strasburger now 
surmises (8, p. 286). The nuclear figures illustrated in my Figs.  13 and  14, Plate  1 
(epithelium  of Salamandra)  would  be  nuclear  barrels  according  to  Strasburger. 
While  no  achromatic  threads  can  be  recognized,  this  does  not  imply a  specific 
difference between these figures and those  of Fig.  12  (the  same epithelium, Sala- 
mandra)  where the achromatic threads can just be made out.  It therefore possesses 
all the requirements of a nuclear spindle and one can certainly assume it to be sub- 
ject to the same forces also working in Fig.  23 and, I  cannot help but think, in all 
the nuclear figures of this and of other stages irrespective of external differences in 
form. 
Thus we still know nothing about these causative forces. I believe, however, that 
the  more  precise  morphological  description  of the  process  presented  here  will 
facilitate their investigation. We may now ask questions as to the location and the 
nature of these forces in a more exact manner than before : 
1.  Should  we  regard  the  substance  which  lies  between the  nuclear  threads 
as the material substrate of these forces? 
or 2.  Do the directing forces in the cell emanate from the nuclear threads 
themselves? 
or 3.  Do they originate not in the  nuclear substance itself but in the  pro- 
toplasm, effecting the guidance of the nuclear substance from outside? 
or, finally, 4. Are some or all of these factors acting simultaneously? 
On  the  basis  of assumption  1,  the  centers  of force  would  come  to  lie  in  the 
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 achromatic substance which remains between the chromatic nuclear threads,  and 
would have a  morphological expression in the form of the achromatic fibers. 
From assumption 2,  it would follow that physical differences exist between the 
different sections of the chromatic threads.  This is also postulated  by assumption 
1. Whether the threads are being directed as shown in Line Engraving II, or whether 
they direct themselves by attraction and repulsion, the properties of the vertices must 
differ from those of the arms in either case. If we adopt the postulate  used in  the 
above description in order to simplify matters, i.e. in Figs. 1 and 2 of the Line Engrav- 
ing, we have a  center which attracts the vertices of the loops and repels the arms. 
In Figs.  3  and 4  it has divided into two, each one moving toward a  pole.  The re- 
grouping of the threads could then be accounted for in a simple way, for instance, 
by making  the  assumption  that each arm of a  loop is a  magnet, its positive  pole 
located at the vertex, its negative pole at the free end,  and  that the hypothetical 
center is a  negative magnetic pole, located in the center in Figs.  1 and  2 but di- 
vided in Figs.  3 and 4 and moving toward the poles. A look at the figures and the 
accompanying  explanation  in  the  text  will  demonstrate  this  adequately,  if we 
suppose  that  the  magnetism of the  center is stronger  than  that of the  threads.  I 
hardly need state that I do not intend to propose a magnetic theory of cell division, 
but it must be conceded  that the phenomena suggest processes of an electropolar 
kind and that this would also give us the possibility of approaching the nature  of 
cell division from a  physiological point of view. 
Early in  1879  I  discussed this idea briefly in a lecture given at the Physiological 
Society of Kiel.  It was also proposed,  as an explanation  for the division process, 
by Herman Fol  (6)  in an article written  before and published soon after my lec- 
ture and completely independent of my own studies  (see La th~orie ~lectrolytique des 
movementsprotoplasmiques,  p. 264 ft.). Since Fol based his discussion largely on events 
in the protoplasm of the egg cell, and at the time of writing did not know about the 
details of the transformation of the nucleus,  I  want to postpone a  discussion of his 
ideas until there are more points for comparison. 
If one were to accept the  interpretation  suggested  above with  respect to elec- 
trical  or magnetic  polarity,  assumption  1 would  be  preferable  to  assumption  2. 
On the basis of assumption 2 one could not really understand  why the vertices of 
the  loops  in  each daughter  figure,  all having the same polarity, remain close  to- 
gether, and why the ends of the loops which are also of the same polarity approach 
each other in the equatorial plate. Assumption  1, on the other hand, lets us pos- 
tulate  that the strength  of polarity of the hypothetical centers of direction may be 
greater than  that of the  nuclear  threads  and  thus  makes it easier to explain this 
situation. 
As far as I  can see there is at present no definite evidence for assumptions 3 and 
4, but since they cannot be excluded they must be mentioned. 
At this point we must also mention Klein's attempt in his last publication to ex- 
plain  the  radiating  structures  in  the  cytoplasm  (12,  pp.  416  to  417).  Klein  as- 
sumes that in  the resting  nucleus  a  connection  exists between  the  threads  of the 
nuclear  network  and  the  threads  of the  network  of the  cytoplasm. 77 He believes 
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 that during cell division the radial systems in the protoplasm originate by contrac- 
tion of the  network of the  nucleus,  resulting  in  attraction  concentrically of the 
threads  of the  cytoplasmic net.  In  my opinion  the  radiations  in  the  cytoplasm 
certainly have a  mechanical relationship to the nuclear figures.  I  emphasized this 
earlier (4, p. 421 ft.) and explained that the star figure of the nucleus of the mother 
cell seemed to correspond roughly to the monaster in the  cytoplasm and  the star 
figures of the  nuclei of the daughter cells  to the diaster in the cytoplasm. But in 
view of the metamorphosis of the nucleus and  of all  the  changes in position of the 
nuclear threads described here, we cannot explain the radiation in the protoplasm 
in the simple fashion suggested by Klein. 
The results presented  in this section have thus yielded very little  progress with 
regard to an understanding of the physiology of the phenomena. They merely permit 
us to organize our information better and to ask questions of a more precise nature 
than before. But it is better to accept this for the time being rather than to propose 
some kind  of hypothesis which might attract attention  at first  but would in  the 
course of time share the dismal fate of others. 
The most significant result at this point,  to me, consists in having retained  the 
possibility of reducing the division process everywhere to phenomena which are fundamentally 
and in principle  alike,  and  are  produced by the same forces. Strasburger and  others 
still  assume  the  existence  of considerable morphological differences  and  find  this 
compatible with the postulate of the same forces operating,  but  I  cannot concur 
with them. However, I intend to maintain the latter hypothesis. Here I have tried 
to describe the observations of my own material and have attempted to reconcile 
my  observations  with  those  of others.  At  times  this  was  difficult  and  required 
certain suppositions.  I  now leave it to the reader to decide whether it is preferable 
to  assume  the  existence  of fundamental  differences  or whether  he  will,  as  I  do, 
believe  that  more  detailed  investigation  of those  other,  more  difficult,  materials 
will demonstrate the agreement with the model which I  have proposed. 
I  am  certainly  prepared  for  not  having  my statements  regarding  this  model 
believed  by many. This  applies  especially to the  description  of the  separation of 
the  nuclear figure  into its  daughter halves as  presented  in  this section  [2]  under 
"B. Segmentation of the nuclear threads" and "C. Rearrangement of the star stage 
into  the  equatorial  plate."  From the  most recent  publications  discussed  above I 
gather that  many of my colleagues are  still  reluctant  to give up  the  assumption 
that the tearing apart of the hitherto connected structures will not take place until 
the equatorial plate or the stage of the nuclear barrel is reached,  because in their 
material, which is either relatively small or unsuitable for other reasons, it appears 
to be  so.  Having reexamined many of these  materials  I  may say that this might 
be the case, but that it need not be.  Conditions similar to those in Salamandra may 
exist here also.  Thus I  anticipate with equanimity all doubts which will probably 
be raised about the description presented here.  One day another investigator will 
reexamine nuclear division in Salamandra with the necessary care; he will then find 
what I  have described,  and we hope still  more besides,  and he will have to con- 
firm the fact that my interpretation of the process is well founded even though at 
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 first  sight  it  may  appear  strange  to  someone  unfamiliar  with  the  comparative 
advantages of this particular material. 
SECTION  3 
On the Development  of Spermatozoa in  Salamandra 
I  investigated this subject in the summer of 1879,  mainly in the hope of finding 
new information about the life processes of the nucleus of the cell. Numerous recent 
studies on the subject have established the fact that the heads of the spermatozoa 
are formed from the substance of the nuclei.  A  few investigators  (v. Ebner, Neu- 
mann)  believe that  the  structures  which  form the  heads  originate  de  novo  in  the 
protoplasm of the cell,  but even they do not deny explicitly that the structures in 
question may be nuclei. 
I  wondered whether information concerning the nature of the process might be 
obtained  by investigating the favorable cells with large nuclei  in  Salamandra  and 
whether I  could find any support for de novo  formation of the nucleus in the sense 
just discussed. 
If, as I assumed a priori, the latter was not the case, another question would arise. 
For if the substance which the male reproductive glands must furnish either period- 
ically or continuously is not produced by de novo formation of cells but rather by the 
only mechanism known so far, that is to say, by cell division,  one should find very 
large numbers of nuclear divisions in  this material.  All investigators who do not 
assume that de novo formation of nuclei occurs must expect to find divisions. How- 
ever, no indirect nuclear reproduction  in the testicular tubules of vertebrates has been 
described 78  in  any  of the  numerous  and  careful  studies  which  have  dealt  with 
spermatogenesis, v. la Valette paid particular  attention  to the methods of repro- 
duction of the testicular epithelium.  He definitely described it in such a way as to 
give the impression of direct constriction of nuclei and cells. Does this really take 
place? And,  if it does not occur, why has indirect nuclear division not been seen 
frequently in the many studies of the subject? 
A  statement by J.  Spengel  (26)  indicated  to me that indirect  nuclear division 
would be found in the testis. On p. 31 of his publication he describes a cell from the 
testis  of Coecilia  rostrata  containing  in  place  of the  granules  a  star-shaped  figure 
deeply  stained  with  hematoxylin.  He  also  states  for  several  genera  (especially 
Epicrium glutinosum,  Plate 2, Figs. 23 and 32, loc. cit.) "that in some of the individual 
cell clumps of the testis almost all of the nuclei are transformed in a very peculiar 
fashion;  in  their  place  a  beautifully  constructed  figure  was  often  found  stained 
almost  black  by  the  hematoxylin  which  could  best  be  compared  to  a  Chinese 
idiograph."  These,  to judge from the drawings,  must be nuclear division figures 
somewhat mutilated  by storage in  alcohol.  Spengel  also says,  "Since cells trans- 
formed in this manner are found repeatedly and always in large numbers in prepa- 
rations  which  were  treated  in  different  ways,  I  am  inclined  to  interpret  these 
images as having some relation to cell division." The caution implied in this state- 
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 PLATE  3 
From the Male Reproductive Gland of Salamandra, July, August, September 
FIGURE  35  a  to  g  Division  as  observed  in  a 
living cell of the epithelium of the testis  (from 
a  spermatocyst), fresh material with no reagents 
added. For the sake of clarity the threads have 
been  rendered  darker  than  they  appear  when 
alive.  Time elapsed from a  to g ahnost  1 hour. 
The  single  displaced loop  in  a  at  the  upper 
pole was seen to move away very slowly and was 
then  slowly  drawn  back;  the  same  thing  hap- 
pened in b at  the lower pole, but in c all loops 
were completely in order. Stage d lasted for some 
time and  then  rapidly  led  to  division  (e).  The 
cell died following g,  just after the first indica- 
tion  of a  constriction had  appeared  at  its  left 
side. 
FIGURE 36  Skein of mother cell from sperma- 
tocyst.  (Following  figures  all  from  spermato- 
cysts.) 
FIGUnE  37  A  cell  not  dividing.  It  shows  the 
dense  framework  of  coarse  trabeculae  character- 
istic of testis cells. Figs. 38,  39,  skein of mother 
cell.  Fig.  40,  star-figure  of  mother  cell  (the 
vertices of the loops have been rendered darker 
in  a  schematic fashion.  Compare  Fig.  9,  Plate 
1).  Figs.  41  and  4~  are  equatorial  plates  (here 
the  same  as  the  nuclear  barrel),  Fig.  41,  seen 
obliquely from  above the  threads  are  slightly 
twisted;  Fig.  4~,  seen  from  the  side.  As  usual 
the threads in the lower focal plane are rendered 
paler. In Figs. 44 and 45 separation has started 
in  these  nuclear  barrels,  individual  threads  or 
arms  of  loops  respectively  are  displaced  (to- 
ward  the  poles)  or  moved  out  of  the  figure. 
The  achromatic  threads  can  be  seen.  Figs.  46 
and  47  are  star-figures  and  skeins  of daughter 
nuclei. The achromatic threads appear granular 
(this may be caused by the reagents).  (Figs. 37 
to  41,  acetic  acid--Bismarck  brown  according 
to Mayzel; Figs. 36 and 4~ to 47, chromic acid-- 
hematoxylin.) 
FIGURE 48  Section of a  testis fixed in July, at 
low magnification, alcohol-alum carmine. Cross- 
sections  through  4  sPermatocysts;  the  cells  in 
each one are in the same stage of division, but 
each  of  the  4  cysts  contains  a  different  stage. 
In the cells drawn beside each cyst the stages of 
the nuclei are shown enlarged  (Fig.  48  a, com- 
pare  Fig.  4~;  Fig.  48  b,  about  like  Fig.  36; 
Fig.  48  c,  divisions  completed;  Fig.  48  d, 
compare Fig. 37.).  Similar conditions are found 
throughout  the  testis. 
FIGURES 49  to  5~  Division  in  multinueleated 
ceils. Acetic acid--Bismarck brown. Fig. 49,  cell 
with four nuclei, in resting stage. Fig. 49 a, cell 
with  one  resting nucleus and two barrels.  Fig. 
50,  with  six  nuclear  barrels;  Fig.  51,  with  six 
pairs  of daughter  skeins;  Fig.  5~,  two  nuclear 
barrels side by side  in  the  cell  (one  in  oblique 
position)  and  one pair of daughter star-figures; 
the  latter  nucleus  must  have  started  division 
earlier than the two others. 
FIGURE 53  Narrower nuclear barrel; equatorial 
swellings or puffiness can be seen in some of the 
threads  (compare Section 3);  at  left as  seen in 
profile,  in  the  center  as  seen from  above;  Fig. 
53 a, the latter swelling enlarged (may be caused 
by the reagents). Acetic acid--Bismarck brown. 
Concomitant  irregularity  of  the  nuclear 
figure. In the upper part one arm of a  loop has 
moved out of the figure, in the lower part one 
loop is displaced. Both structures show consider- 
able  optical  shortening  (compare  for  instance 
Fig. 35 d, lower right part.  (This figure and the 
following have  erroneously  been  designated  as 
Fig. 53.) 
FIGURES 53 to 58  Sperrnatogenesis  (Salamandra, 
September to October). 
FIGURE 53  Formation of heads of spermatozoa 
inside  nuclei,  not  inside  cells;  the  protoplasm 
of the cell has not been drawn; each figure repre- 
sents a nucleus. Fresh material, with no reagents 
added. 
FIGURE  54  Mature  spermatozoon,  anterior 
part:  k,  head;  m, middle piece; f, tail with un- 
dulating  membrane.  Observed  immediately 
after adding very dilute acetic acid; the middle 
piece is therefore slightly swollen. 
Compare  Fig.  56  h,  mature  spermatozoon 
stained  with  alum  carmine.  Middle  piece  (m) 
and tail are not stained. 
FIG~rnE 55  a  to  d  Consecutive later  stages of 
spermatozoon  formation,  fresh  material,  see 
text. k,  a  questionable nodule behind the middle 
piece.  It  cannot  be  seen  in  fresh  material,  d, 
initial spatial relationship of head and tail. 
FIGURE  56  (Alcohol-alum  carmine)  and  Fig. 
57  (acetic  acid--Bismarck  brown).  Successive 
stages  of  formation  of  the  heads  in  the  nuclei 
from  the  chromatin  of  the  nuclei  are  shown. 
Compare Fig. 53  (fresh material, lower magnifi- 
cation),  see text, Section 3.  In Figs. 56 and 57, 
km:  nuclear  membrane. 
The  middle  pieces  of  the  young  spermatic 
threads  in  Fig.  57  d,  e,  and f  are  swollen as  a 
result  of acetic  acid  treatment. 
FIGURE  58  Sketch  of  a  section  of  the  testis 
fixed  in  October.  Alcohol-alum  carmine,  low 
magnification.  Seven  spermatocysts in  a  cross- 
section of a  testis tubule;  contents in  different 
stages of development. 
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  ment is understandable, for at the time of writing (1876) the author probably was 
not yet familiar with the first reports on the division of tissue cells  (Strasburger, 
Mayzel,  1875). 
Bfitschli and  Auerbach  (see  Bibliography,  4)  had  already  shown  that  thread 
figures occur during divisions of the spermatogonia in invertebrates (arthropods).~9 
In Salamandra  I  have found indirect  nuclear  division  when  the  nuclei  or  cells,  respec- 
tively,  of the  testicular  epithelium  multiply to form  the  spermatozoa.  Division figures are 
found in such large  numbers prior to maturation of the spermatozoa that a concurrent, 
different  mode  of division,  for  instance  direct  nuclear  constriction,  need not be postulated.  Be- 
sides  there  are  no  observations  to  indicate  with  certainty that  such  a  mode  of 
division exists. 
The fact that the divisions take place in waves within short periods of time, and then 
stop  during  the  much  longer  intervals  between waves,  largely accounts for our 
having been unaware until now that numerous indirect divisions do occur in the 
testis. If one happens  to make observations  during  the  intervals one has no chance of finding 
even a single division, 8° as will be explained below. 
During May and April I killed a fairly large number of Salamandra males in vain; 
no divisions were found in the testis. They appeared in large numbers in the last 
half of July, and were then encountered until the end of September, although in 
decreasing numbers.  The first spermatozoa were formed simultaneously with the 
first wave of division in July; only a few in the beginning but then with increasing 
frequency until the end of September. 81 Neither process, however, is distributed in 
a  uniform fashion  throughout  the whole sex gland. 
From the  investigations of Leydig  (21),  Duvernoy (20),  and  Spengel  (26)  we 
know that the testis of Salamandra,  Triton, and others consists of a series of segments 
or lobes of varying color and size strung along the branches of the spermatic duct. 
According to Leydig's description the color alternates  between  gray,  white,  and 
a pale sulfur-yellow. One notices right away that the number of lobes on opposite 
sides is the same and  that those in symmetrical positions are almost alike in size, 
shape, and color. I  agree with Spengel's assumption that the segmented shape "can 
only be  the result  of complicated growth,  degeneration,  and regeneration proc- 
esses"  (26,  p.  65).  The  different  colors  are  definitely due  to  the  developmental 
stage of the glandular epithelium,  as Leydig has already recognized (21,  p.  74). 
Regarding  the  earlier stages  of development,  Leydig says,  "In  the  gray lobes 
the short glandular tubules do not contain spermatozoa but are filled with large 
cells, measuring 0.0120 mm in size. The cell contents are pale and finely granular, 
the large nucleus has several nucleoli." Leydig, therefore, like other investigators, 
did not happen to encounter either in  Triton  or in Salamandra  a wave of divisions, 
for it would have been impossible to overlook the large  numbers of conspicuous 
nuclear division figures. 
My preparations  were  made  by the  following procedures.  1.  Investigation  of 
fresh material: Incising of a lobe of the testis, teasing gently, transferring the pro- 
duced  liquid  to  a  slide,  and  covering  without  adding  anything.  2.  As  above, 
staining on the slide with Bismarck brown dissolved in acetic acid 82 or, again as 
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 above, staining material with hematoxylin after treatment with picric or chromic 
acid. 3.  Sections of testis  fixed in absolute alcohol and stained with alum carmine. 
Leydig's statement  that the resting epithelial  nuclei "contain several  nucleoli" 
is probably not to be taken literally,  but rather as referring to their dense reticula 
composed of very coarse  trabeculae  (Figs.  37,  48,  Plate  3).  (This  also  seems  to 
apply to Spengel's illustrations, loc. cit., Figs.  27 and 28,  Plate  2, although he like- 
wise drew only granules and was not aware of their being connected to form net- 
works.83)  The  trabeculae,  furthermore,  are  not of uniform thickness  but  contain 
numerous nodules. 
These  dense nuclear  networks  made  up  of  coarse trabeculae  seem to  be  characteristic  of 
testicular  epithelia  even in invertebrates.  See,  for example, Grobben's illustrations of 
decapods  (Bibliography, Part I, 4). 
I would not say that the protoplasm of the testis  cells is finely granular. In fresh 
material it looks homogeneous and contains a few granules composed of either fat 
or lecithin.  In acetic acid preparations one often sees striations,  similar to those in 
the protoplasm of fresh cartilage cells  (4, Plate  15, Fig. 2 c). 
In  a  segment of testicular  tubule 84 containing no divisions  the  epithelial  cells 
are all about the same size,  which is considerable.  In places where divisions have 
occurred, smaller  cells  or nuclei, respectively, of several graduated sizes are found. 
Those of equal size are always grouped together. Where divisions are in progress they 
are  located  in groups  or nests  distributed  throughout a  large  area  (see  Fig.  48  a, 
Plate  3).  Spengel saw the  same  phenomenon in Epicrium glutinosum  (loc  cir.,  Fig. 
26). 
Spermatogenesis  in anurans  (frogs, toads) was discussed and described  in detail 
by yon la Valette. 85 Multiplication  of nuclei takes place in  the epithelial  cells  of 
the testis which grow into large mother cells and because of internal delineation of 
cells  lose their characteristic appearance of pale multinucleated cells,  v. la Valette 
used the suitable term spermatocysts for these structures and called the enclosed cells 
spermatocytes.  Each  spermatocyte will  form one  spermatozoon.  He  assumed  that 
the same conditions prevail in Triton and in Salamandra. 
My earlier observations and the discussion below will confirm these statements. 
In teased preparations of fresh material,  of both areas which do not yet show di- 
visions  and  areas  which  do,  I  found  numerous  cells  containing  several  or  even 
many  nuclei as shown in Fig.  49,  or several or many nuclear figures as shown in Figs. 
50 to 52.  I  have seen masses containing more than  12 nuclear figures in the same 
stage.  The protoplasm will frequently still  be undivided; no delineation  of cell ter- 
ritories can be seen. I have paid special attention to this point. The absence of cell 
boundaries is easily ascertained since multiple nuclei often touch one another (Fig. 
49). If the number of nuclei increases still further (and perhaps at times when there 
are not so many), demarcation of the cell bodies takes place. Most of the elements 
in each teased preparation, however, are not spermatocysts but single cells  contain- 
ing either resting nuclei or nuclear figures such as those shown in Figs.  36 to 47, 
Plate 3. But we may assume, of course, that they were all liberated  from destroyed, 
burst spermatocysts. Study of sections of the fixed testis  confirms the conclusion that 
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 multiplication of all the sperm-forming cells here again takes place by endogenous 
cell formation, as  discovered by v.  la Valette.  The sections show that  the clumps 
or areas  in  the  epithelium  of the  tubules  which  contain,  as  stated  above,  either 
divisions in  the same phase or nuclei  of the same  size  (Fig.  48,  Plate  3)  definitely cor- 
•  respond  to the  contents  of one spermatocyst.  The nucleated  membrane of the cysts 
can often be seen in sections. (Fig. 48) 86 
In Salamandra  the size and the high frequency of cell reproduction  in the sper- 
matocysts are remarkable; a  cyst containing many hundreds  of daughter cells is the 
rule, while in anurans,  at least to judge from v. la Valette's drawings, the number 
is smaller. 
My own results discussed  thus far differ only in one essential aspect from those 
of v. la Valette and may serve to supplement them. He did not find any examples 
of indirect nuclear division of the type described  here,  but stated that the nuclei 
divide by constriction ("furrowing," see [Arch.  Micr. Anat.],  12, p. 82087 and many 
of his  illustrations,  loc.  cit.).  This may well  be due  to  the  fact that v.  la Valette 
happened  not  to  encounter  any  waves  of division  or  perhaps  that  the  nuclear 
figures are harder to recognize in the smaller structures in his material.  I  would 
consider it possible that the peculiar images of the nuclei in several of the cysts in 
his Fig. 34 (Bombinator) represent nuclear figures. 
In Section 2 I  discussed the special features exhibited  by the nuclear figures in 
testis  cells  as compared  to  other cells.  Finally  it  should  be emphasized  that  the 
synchronous course of division of all the nuclei in each mother ceil  or  spermatocyst  respec- 
tively,  which accounts for the aggregation of similar division stages, must definitely 
be regarded as the rule, but numerous exceptions to the rule exist. 
In October I investigated testes of Rana temporaria for comparison. In some of the 
animals I found areas or cysts showing indirect nuclear division, but they were not 
common. Division in anurans should certainly either follow the pattern that exists 
in urodeles  or resemble it closely since the process of formation of the spermato- 
cysts appears to  be homologous in  both cases.  Therefore,  I  considered  it  super- 
fluous to continue the search for divisions in the frog. 
I  now turn to the development of the spermatozoa from the cells of the cysts. 
For the  purpose of orientation  a  few words  must be said  concerning  the fully 
formed spermatozoa of urodeles.  Their structure has been known for a  long time 
(Leydig, Lehrb.  der Histologie and elsewhere)  and was described in great detail for 
Triton  by  Schweigger-Seidel  (23)  in  1865.  Each  consists  (Fig.  54,  Plate  3)  of a 
long spear-shaped head, k; a short cylindrical middle piece, m; and the tail bearing 
an  undulating  membrane, f.  Schweigger-Seidel found  that acetic acid will cause 
the middle piece to swell and a  fine membrane to detach from the head (loc. cit., 
Fig. B 4; and Fig. 54, Plate 3).  He also determined the reaction to carmine stains, 
noting  that  when  they  were  used  carefully  the  head  of the  spermatozoon  was 
stained, but not the middle piece or the tail. 88 
He  reports  having  had  great  difficulties  with  the  staining  procedure;  all  his 
specimens  are  very pale.  The  staining  technique  now  in  use  makes  the  matter 
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 easier. I have used the customary methyl violet staining procedure, with or without 
aniline dyes, for a  long time in my classes to show that in sections of the testis the 
heads  of the  spermatozoa are  equivalent  to  nuclei.  They stain  brilliantly.  Alum 
carmine is also very useful  (Fig.  56,  Plate 3); when subsequently studied in water 
or glycerin only the head is stained deep red, the middle piece is not stained at all 
and appears to be shiny, and the filament and the undulating membrane are pale 
and colorless. 
No further discussion is needed at this point concerning the details on the struc- 
ture  of  the  spermatozoa  which  several  investigators,  Th.  Eimer  in  particular, 
have described in other organisms. I therefore turn to spermatogenesis. 
To my knowledge only a brief description and a few illustrations of v. la Valette 
exist  which  concern  themselves with  the  process  of spermatozoon  formation  in 
Salamandra. 89 He states that: "The nucleus elongates and becomes the head of the 
spermatozoon. Often it is seen rolled up inside the cell. The most anterior part of 
the  tip forms an appendage 0.008  mm long,  clearly demarcated from the rest of 
the head."  The two later stages of development of the spermatozoon which v. la 
Valette  has drawn  (loc. cit.,  Fig.  VII,  5  and  6)  correspond  in  a  general  way to 
Fig. 55 a, b, and c, Plate 3. However, the three younger stages illustrated (Fig. VII, 
2,  3,  4),  and described  as "cells with transformed nuclei"  which show a  nucleus 
elongating gradually inside  a  small cell do not contain precisely what I  have ob- 
served. 
In August and September one readily finds animals in whose testis all stages of 
formation of spermatozoa exist side by side.  Figs.  53 and  55  (Plate  3)  show their 
appearance in fresh preparations,  nothing  having  been added;  Fig.  57,  Plate  3, 
after treatment with acetic acid and Bismarck brown; and  Fig.  56, Plate  3,  after 
alcohol fixation and alum carmine stain. 
Formation of the spermatozoa resembles the divisions in that all of the elements 
inside  a  cyst are in the same stage of development, and the reader will therefore 
wonder why the different stages of development are intermingled  in the illustra- 
tions  in  question.  It must  be remembered  that  the  illustrations  are  drawn  from 
preparations made on a slide by fixing and staining drops of fresh fluid taken from a 
cut  and  teased  testis;  elements from cysts  in  different  stages  of development  are fre- 
quently combined in this process,  and  areas of this  type were purposely selected 
for the drawings. 
One notices especially that the structure which evidently provides the basis for 
the formation of the  head  of the spermatozoon  (Figs.  53,  56,  and  57,  Plate  3)  is 
not a nucleus and does not occupy a position in the cell corresponding to that of a nucleus as 
v. la Valette's illustrations would indicate. The future head consists of only a portion 
of the substance  of the nucleus  and lies inside  the  nucleus,  surrounded  by the nuclear 
membrane (kin).  If a  comparison with the  stained  preparation  is  made,  one  also 
notices  immediately that  the  body which  develops into  the  head  is  nothing  but 
the stainable  substance of the nucleus. Fig. 57 (Plate 3) best shows how the separation 
is  accomplished.  As  a  result  of treatment  with  acetic  acid  and  stain  the  dense 
reticula  composed  of coarse  trabeculae  stand  out  sharply  in  those  nuclei  which 
58  THE JOURNAI~  OF CELL BIOLOOY • VOLUME  ~5, 1965 
 have not yet started the transformation. Heads in the early stages of transformation 
are clearly equivalent to the substance of the network with the stainable material 
scattered in the interstitial mass of the nucleus added to it. In these youngest stages 
they have themselves a  net-like structure  (a, b, c); 9° in subsequent stages (d)  they 
condense  progressively and finally fuse into  a  homogeneous mass. Whenever the 
reticula are not well demonstrated by the effect of the reagent 91 (see Fig. 56, Plate 
3) the same image appears in the newly formed heads, for in these cases the newly 
formed  heads  as well  as  the  nuclei  which  still  remain  unchanged  apparently  lack 
a  reticulum.  However, the total intensity  of the stain here in the newly formed head 
is greater than in the unchanged nucleus, and greater in the mature head than in 
the young one. 
A  glance at the illustrations immediately leads to the conclusion that the head of 
the  spermatozoon  is not formed  by  the  whole  nucleus,  but  by  the  stainable  substance  of the 
nucleus,  the chromatin. 
The succession of shapes assumed  by the  new head  is  shown  in  order in  Figs. 
56 and 57,  Plate 3.  At first, one sees an elongated and bent strand,  not quite cy- 
lindrical in shape. It grows progressively longer, getting thinner in the process and 
simultaneously increasing in its capacity to refract light (and also in stainability). 
The longer it grows, the more it coils, finally resulting in the skein-like stages shown 
in Figs. 53 and 57 c, which may strongly resemble the skein stages of nuclear division 
(for instance Fig. 36, Plate 3). Actually, one might confuse the two if divisions were 
not either lacking entirely or were at least very rare in segments of the testis  in 
which formation of spermatozoa is already taking place. 
In  the  next  stage,  the  head,  having  become still  more slender,  lies  inside  the 
nucleus in the shape of a  beautifully curved spiral.  The posterior end is the thicker 
([Fig.  57] d, e, f,  and others). 
The outline of the nucleus,  i.e.  the nuclear membrane (km), can usually be seen 
in stages like those shown in Fig.  56 f, but I  would not venture to state what has 
happened to it in any of the following stages. As indicated in the drawings, a pale 
but distinct band of material is usually seen to extend along each side of the head 
in stages as shown in Figs. 56 g and 57 d, f. I definitely believe this to be the anlage 
of the tail and must assume with the earlier investigators that it is formed from the 
protoplasm  of the  cell  rather  than  from the  achromatic  residue  of the  nucleus. 
This residue  can be found elsewhere.  Schweigger-Seidel observed that a  delicate 
membrane, which could not be seen before, lifted off the head when mature sper- 
matozoa were treated with acetic acid. The membrane cannot be stained. I suspect 
that this is the residue of the achromatic nuclear substance. 
Ever since Schweigger-Seidel's description,  the middle piece of the spermatozoon 
has been regarded  as a  product of the cell substance rather than  of the nucleus, 
since it does not take up nuclear stains.  Its development certainly constitutes an 
important point,  but so far I  have not been able to determine anything about it 
with  certainty.  One  should  probably visualize  the  process  in  this  fashion:  the 
thicker end of the head (i.e., the part turned toward the tail, Fig. 57 c, Plate 3) estab- 
lished a  connection with the cytoplasm, the connecting segment remains differen- 
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 tiated  (as  the  middle  piece).  In  these  stages  it  is  often  still  possible  to  clearly 
recognize the  nuclear  membrane  (seen  in  Fig.  57  c)  but  one  cannot determine 
whether it really has a gap or only forms a fold at the site in question. 
Heads  of nearly  mature  spermatozoa  are  drawn  in  Fig.  55,  Plate  3.  These 
stages were already known to v. la Valette.  Pale, disc-shaped residues of material 
are attached at various sites,  often several at a time (see v. la Valette's illustrations 
and my own). The same type of material is found enclosed by the spiral convolu- 
tions of the head.  It seems most likely that this substance is not derived from the 
cell protoplasm but represents the residue of the achromatin of the nucleus which 
gradually condenses to form the hyaline sheath of the head mentioned above. 
At this  stage  one  notices  another characteristic  structure  which  has  not  been 
described so far. This is an attenuation located between the middle piece and the 
tail, followed by a  small nodule usually of irregular outline.  It is continuous with 
the tail  (Fig.  55 a  and  b,  at k).  This attenuation  should not be equated with the 
"neck" of the spermatozoon which Eimer discovered in  other  organisms,  for  the 
neck is located immediately behind the head while the constriction under discus- 
sion lies behind the middle piece. In mature spermatozoa of Salamandra  neither the 
constriction nor the nodule can be recognized. 
So far I  have not been able to determine with certainty anything about forma- 
tion of the tail and its undulating membrane. Since they show a  negative reaction 
to nuclear stains it can be concluded that these parts are formed from the proto- 
plasm of the spermatocyte without contribution from the  nuclear substance.  The 
amount of achromatin in  the  nucleus  would  not  nearly  be  sufficient to  furnish 
these parts. Besides,  I can demonstrate its location somewhere else. 
It seems, however, that the tail filament and the undulating membrane develop 
in the following manner: The cell protoplasm intrudes  between the convolutions 
of the head  and thus also condenses into a  convoluted strand.  Then it gradually 
straightens out along with the head.  As a  result,  at first it lies  alongside the head, 
the free end  directed  toward the  same side  as  that of the  head  (Fig.  55 d).  The 
young spermatozoa  are  often  found  in  this  position  if they  have  not  been  dis- 
torted  during the making of the  preparation  (in  Fig.  55 a,  b,  and c the  tail  still 
maintains  this  position  in  a  general  way but  has  become  somewhat detached). 
This agrees with the permanent spatial relationship  of head and tail  observed in 
Bombinator  igneus  (compare Eimer's description elsewhere). 
Regarding the later developmental stages of the spermatozoa, or of the sperma- 
tocysts, I  can only confirm v. la Valette's results. 92 In Fig.  58 I  have  presented  a 
general view of a  section of the  testis.  Cross-sections of several  cysts in  different 
stages of development are  seen; within  each cyst the  spermatozoa are  all  in  the 
same or in nearly the same stage of development. 
The  most  important general  result  of these  observations  can  be  expressed  as 
follows: Cell division may be regarded as a process of asexual reproduction. In its course 
the chromatin separates from the achromatin, condenses into figures of a  charac- 
teristic  shape,  and  divides  into  two  parts  which  provide  the  foundations  of the 
daughter nuclei. 
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 One  cannot help  but ponder the fact that  in  sexual  reproduction,  that is to say, 
in the conjugation of the sperm cell and the egg cell, preparation of the sperm cell 
for this event proceeds, as I  have shown here, in a manner similar to that just out- 
lined.  Here  again  the  chromatin  is  spatially separated  from the  achromatin.  It 
evidently furnishes  the essential  part,  one might say the  organ of fertilization  of 
the spermatozoon, namely, the head. 
This automatically raises a  question as to whether a  similar segregation of both 
substances takes place in the preparation of the nucleus  of the egg  cell,  that is to 
say, in the maturation of the egg in the ovary. 93 
To summarize briefly the specific discrepancies  between my  results  and  those 
of v. la Valette  (see above): The head is not formed by elongation  and transfor- 
mation of the whole nucleus but within the nucleus by the chromatin alone.  I  did 
not observe any structural differentiation in the most anterior tip of the head. Cell 
reproduction  in  the  testis  for  the  purpose  of sperm  formation  is  not  by direct 
nuclear division (a process which, as a matter of fact, has never been demonstrated 
anywhere) but by indirect division. 
Long ago K611iker (19)  reported that in the guinea pig the developing sperma- 
tozoa lie spirally coiled inside the cells which form them. This statement has been empha- 
tically denied by everyone who has discussed the subject. 94 I  know nothing about 
the  conditions  in  the  guinea  pig  but  it  is  certainly remarkable and  noteworthy 
that images which strikingly resemble K611iker's description have been seen in an 
entirely  different  type  of vertebrate. 95  Of  course  one  must  remember  that  in 
Salamandra  the spiral structures are not spermatozoa but only their heads,  and that 
they  do  not lie  in  the cell as a whole but only in the nucleus.  I  certainly do  not 
want to suggest that a spiral configuration is found everywhere. Observations made 
up to now by other investigators definitely contradict such an assumption. 
In  Semper's comprehensive study  (25)  one finds  a  description which  suggests 
similar conditions in plagiostomes.  In Fig.  14 of his Table 17 and in the explanatory 
text (see p. 262 and elsewhere) he definitely describes the young stages of the heads 
as  curved  rods.  Other  homologies can  be  established  from our  observations:  The 
structures  which  he  calls  ampullae  evidently  correspond  to  the  spermatocysts  of 
amphibians.  Semper recognized and showed in many drawings  that the sperma- 
tozoa in a  given ampulla at any one time are always in the same stage of matura- 
tion.  I  can find  no statements about an increase of the contents  of the  ampullae 
by cell division which could be definitely related to my own findings, but I suspect 
that the small, peculiar nuclear figures which he shows in Plate 17,  Fig.  18, could 
be an  indication  thereof.  Since  the  tissue  cells of fishes are so small,  any details 
concerning the figures would  have been hard  to determine.  It must also be em- 
phasized that Semper clearly recognized that the young heads of spermatozoa are 
enclosed  in  small  vesicles  (p.  262,  lower part of page,  Fig.  18  b).  He regards  these 
vesicles as cell membranes but perhaps  I  might interpret  them as nuclear  membranes 
instead and thereby bring our observations into agreement in this respect also. 
Since I  have no first-hand knowledge of the organisms studied  I  cannot use for 
comparison any of the valuable details on spermatogenesis presented for other types 
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 of  animals  (K611icker,  v.  la  Valette,  Ankermann,  Schweigger-Seidel,  v.  Ebner, 
Merkel, v. Brunn, Neumann, Sertoli, and others). They indicate that no complete 
agreement in  all  details  exists  throughout the whole group of vertebrates.  Never- 
theless,  even in view of the great morphological variations,  I  believe I  may insist 
on the  possibility that one principle  can be found everywhere: the separation  of 
the nuclear substance into the two substances which I  have here called chromatin 
and  achromatin,  and  the  use  of the  former to  produce  the  essential  part  of the 
head of the spermatozoon. 
I  have  not  participated  in  the  discussion  of spermatogenesis  which  has  been 
conducted especially by v.  la  Valette,  v.  Ebner,  and  Sertoli  during  the  last  ten 
years. Having studied only one type of animal I would not be justified in so doing. 
However, with regard to this animal Salamandra---or  I  probably may say without 
hesitation to urodeles in general--I concur in all major points with the statements 
of v. la Valette which pertain to the controversy. I find, as he does in his material, 
that spermatocysts  are formed by nuclear  or cellular  division respectively, each of 
the  cells  they contain subsequently producing one  spermatozoon.  This  does  not 
exclude  the  possibility of an  occasional  cell  of the  testis  epithelium  becoming de- 
tached  and  transforming into  a  spermatozoon somewhere  inside  the  tubule.  In 
my material  I  cannot find anything resembling the elongated spermatoblast cells 
of other  authors  or  many  of the  other  structures  which  they  have  seen.  Their 
descriptions,  however,  are  so  detailed  that  there  can  be  no  doubt  about  their 
being based on correct observations. In spite of the great variation  in  details demon- 
strated  by these observations, the  possibility remains,  in my opinion, that  sperm 
formation is based on the  same principle in  all animals and that it can in every 
case essentially be reduced to the law which v.  la Valette formulated at the end 
of his 5th publication. 
On the  basis of the available  information  I  must assume that the  head  of the 
spermatozoon can only be formed from  an existing  nucleus  which originated  by  indirect 
nuclear  division. 
Finally,  I  must  explain  the statement  that  the  divisions  of the  testicular  epi- 
thelium in Salamandra,  and probably also in other organisms, occur in waves. This 
conclusion is based upon the following: 
If divisions are found in a  lobe of the testis  of a  salamander at all they will be 
found in  about  equal  numbers  in  other  areas  distributed  throughout the  whole 
lobe, and also in other lobes of the same color in this particular animal, even in those 
on the opposite side. 
On the other hand, if no divisions are found at the first trial one almost always 
searches for them in vain in this particular animal. 
During  the  whole  period  from July until  the  end  of September 96  animals  in 
which divisions occur are found together with others showing none. Whenever I  found 
an  animal  in  which  divisions  were  present,  I  immediately  investigated  several 
others in order to see whether cell multiplication might now be in progress in all 
individuals. But in July as well as in August and also toward the end of September 
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 there were  always some  animals without divisions. The  two  groups were  of about 
equal numbers. 
However,  it should  not  be  assumed  that  animals  in  which  divisions were  not 
found  will remain sterile because of lack of spermatozoa,  for at the  beginning of 
October formation of spermatozoa was detected in all (7) males studied at that time. 
In view of the large number of heads of spermatozoa which had been formed, and 
also in view of the increase in size of the lobes of the testis, one must assume that 
considerable  multiplication  of  nuclei  or  of  cells,  respectively,  had  taken  place 
previously. 
One therefore cannot assume that divisions, once started in an animal, will con- 
tinue  until  the  onset  of sperm formation.  There  must  be  pauses  between  the  di- 
visions. 
During the time in question,  however,  these pauses in Salamandra  are  not long 
enough to prevent the encountering of divisions on the average in every second or 
third animal. If conditions are the same in anurans one might ask why in the frog 
the investigators have  not found true cell divisions long ago.  One must remember 
that here the nuclear figures cannot be recognized easily since all cells are smaller. 
I  did find divisions in Rana temporaria, as I  mentioned above, but I  believe I  would 
have  overlooked them had  I  not first become familiar with the phases of indirect 
nuclear division in larger and  more favorable materials. 97 
In the next part of this study further results on the structure  of the cell and  of 
the  nucleus  and  the  developmental history and  the  structure  of the  ovarian  egg 
will be reported. 
REMARKS ON  TECHNIQUE 
Repeated comparisons have demonstrated that for cells of vertebrates (including mammals) 
picric and chromic acid, followed by hematoxylin or aniline stains, are preferable to alcohol 
and other reagents. From my presentation it could be inferred that even the former reagents 
will often produce shrinkage and  distortion  (and  picric acid occasionally swelling)  of the 
nuclear figures and of the resting nucleus, but the other reagents produce this effect more 
frequently and to a higher degree. Alcohol especially tends to clump the threads in all those 
phases where  they are close together.  Acetic acid also often causes clumping,  and  often 
tends to make the threads swell. As a result the double threads in particular may be impossible 
to recognize. 
For the sake of convenience, however, I now often use: 1. Direct staining of fresh material 
with acetic acid-Bismarck brown according to Mayzel (see above, cells of the testis; Pere- 
meschko now also uses it). The preparations fade when stored in glycerin, but are satisfactory 
at first. 2.  Preparations fixed in alcohol, stained with alum carmine according to Partsch, 98 
for preparation of solution see Grenacher. 99 3. Preparations fixed in picric acid or alcohol, 
stained with  picrocarmine.  The  latter,  especially when  not completely neutral,  tends  to 
produce swelling. 
When it is necessary to save time and when it is not important to preserve the nuclear 
divisions as beautifully as possible but just to determine their main features, all of the methods 
may be used. Staining with aniline or hematoxylin requires considerable care, as discussed 
earlier (4). I find the latter successful only if I use a very diluted solution and check repeat- 
edly to avoid overstaining. But I  would always choose this method if karyokinesis is to be 
studied in detail. 
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 Chromic and picric acid fixation of amphibian  testis has,  so far, given poor results. Neither 
reagent hardens it sufficiently, both produce very annoying coagulations in the interstitial 
fluid,  and  often,  as  elsewhere,  shrinkage of the  nuclear  figures.  Fresh  testis  preparations 
treated on a  slide with chromic or picric acid and then stained, however,  give good results 
(see Figs. 42 to 47, Plate 3) if not overstained. 
Plant nuclei stain easily ~nd intensively with all of the usual nuclear stains.  Hematoxylin 
preparations  (following treatment with chromic or picric acid  or alcohol)  are  usually too 
dark to be suitable for a  study of details (see cells of plants, Section 1). 
In a  paper which appeared  while this communication was in press A.  Brandt  a°°  stated 
that he finds it regrettable that, while I  have cited two of his studies in Part I  (4), I  did  not 
discuss them. 
Since this part of my study dealt with cell division in tissues  I  discussed neither Brandt's 
paper nor any of the numerous other studies on the egg and its division,  l°t It seemed reason- 
able to postpone any discussion of this literature until the next part of my own study which 
will concern itself especially with the egg cell.  This was specifically indicated for Brandt's 
papers since I  will have to raise detailed objections to several of his points. Brandt regards 
the nucleus of the egg as an ameboid  primary  cell,  the  framework  of the nuclei as rami- 
fications  of the  nuclear  body,  and  ascribes  the division metamorphosis  in  the  nucleus  to 
ameboid movements.  1°2 If my own results concerning the nucleus in Part I, pp.  356,  357 ft. 
(4), and here, in Section 2, are taken into account, it is evident that I  cannot share Brandt's 
opinions, and that I  must reject his statement "that in a  sense my findings form a  bridge to 
his ameboid theory." The details will be discussed in the proper context. 
Kiel,  December 1879. 
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ture  on  invertebrates,  could  not  yet  be 
discussed in the present paper.) 
8. 
9. 
10. 
entities.  (Compare also Part I, reference 
4, p. 356, upper part of page.) 
A  number  of  staining  procedures  are 
known,  especially  those  using  different 
solutions  of  carmine  which  affect  the 
protoplasm of the cell along with or even 
in preference to the nuclei. These staining 
procedures are excluded here. 
Even  less  to  be  exact,  since  compound 
interest computation should be used. 
Klein makes an error  (12, p. 414)  which 
I  have  tried  to  prevent  by  repeatedly 
calling  attention  to  this  point  in  Part 
I  (4,  footnote on  p.  374;  pp.  405  and 
406).  He  ascribes to  Eberth  the  use  of 
the  term  baskets for  stages  as  shown in 
Fig.  4,  Plate  1.  But  it  was  I  who  orig- 
inally  called  these  stages  baskets  while 
Eberth and Mayzel used the term for the 
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 nuclear figures in the early star stages of 
the  daughter  cells,  as shown in Figs.  25 
and  26,  Plate  2.  In  order  to  avoid  con- 
fusion  I  have  subsequently  called  the 
former stages skeins. 
11.  The  dicentric  condition  may  have  de- 
veloped to some extent prior to the equa- 
torial  plate  stage,  and  may be  recogniz- 
able  as such.  I  have some figures of this 
type among my preparations. 
12.  For instance my Figs. 6  and 7, Plate  1. 
13.  In the winter of 1877 I  had not yet care- 
fully observed divisions in living material. 
As a  result of my studies of fixed material 
I  held  the  same  erroneous  views  in  the 
past  now  adopted  by  Klein  and  by 
Eberth.  I  concluded  from  images  re- 
sembling Klein's Fig. 33 that these figures 
were  undergoing  direct  division,  and 
consequently  gave  an  incorrect  descrip- 
tion of  the division  process  in  a  lecture 
(Schr2Jten  naturw.  Ver.  Schleswig-Holstein, 
Kiel, February, 1878,p. 31, Fig. 13). In the 
summer of 1878 I  corrected my views by 
studying  living  material.  (See  ibid., 
August 1,  1878.) 
14.  For the pertinent literature see references 
4  and 13. 
15.  See reference 4, p. 409. 
16.  See  the  table,  Part  I,  p.  409  (4),  and 
Section 2, at the end. 
17.  See bibliography, reference 4. 
18.  Mayzel  (personal  communication)  has 
also  studied  nuclear  division  in  the 
axolotl  in  the  meantime,  and  gets  the 
same result. 
19.  Peremeschko's  preliminary  communica- 
tion,  on  the  other  hand,  preceded  mine 
slightly. 
20.  Compare reference 4, pp. 407 to 408. 
21.  I  hardly  need  to  emphasize  that  very 
well preserved,  sharply stained,  and well 
cleared materials are needed to determine 
this.  I  have  many  preparations  of  this 
kind. 
22.  I  cannot  judge  the  situation  in  Triton, 
since so far I  have tried in vain to obtain 
the  larvae.  In  Salamandra,  however,  the 
tissue cells  of the  larval  tail  are  often so 
rounded  in  shape  that  differentiation 
between  them  and  the  migratory  cells 
becomes  very  difficult,  and  inside  the 
blood  vessels young  stages  of red  blood 
cells, which as yet have little hemoglobin, 
cannot be distinguished from white blood 
cells.  The  former,  as  I  have  reported, 
divide indirectly. 
23.  Even  though  I  have  not  been  able  to 
study the larva of Triton, I  am acquainted 
with  the  nuclear  divisions  in  the  adult 
from both Mayzel's and my own prepara- 
tions,  and  therefore  take  the  liberty  of 
making the above judgment. 
24.  In  Salamandra the  divisions in  the adult 
are  exactly  like  those  in  the  larva.  I 
conclude,  therefore,  that  this  is  also the 
case in  Triton. 
25.  See for instance Figs.  10 to 14, Plate  1. 
26.  See  Klein's Figs.  20  to  22;  my Figs.  15, 
16, Plate 1;  and Figs.  8,  16, 11, Plate 18, 
(4). 
27.  Compare,  on  the  other  hand,  Pere- 
meschko  (18,  p.  182)  who  certainly  saw 
double rays, even though he seemed to be 
uncertain about their interpretation. 
28.  Under  rearrangement  of  the  star  stage 
into  the  equatorial  plate  [Section  2,  C]. 
29.  For  methods, see Section 3. 
30.  See  pp.  382,  383,  Figs.  13,  14,  Plate  17 
(4) ; Fig.  12,  Plate  1 ; and others. 
31.  The  figures  therefore  resemble  many of 
Biitschli's  illustrations  of  the  nuclear 
spindles  of infusoria  (In  his  publication 
"Studien  uber  die  ersten  Entwicklungs- 
vorgange der Eizelle etc."). 
32.  Part  I,  p.  381,  4th phase ft.; ibid.  p.  387 
and Figs. 6,  7, Plate  18;Fig.  13,  Plate  17. 
33.  Compare Section 2 at the end. 
34.  Even  the  most  careful  observer  would 
interpret  images of this kind  in this way 
if the cells of the tissue were smaller than 
in  Salamandra.  But  the  nuclear  figures 
in  Figs.  43  and  44  are  large  enough to 
show  distinctly,  when  studied  with  a 
Hartnack  immersion  objective  9,  that 
loops of threads rather than granules are 
present.  Depending  on  their  position, 
one  or  even both  of their  arms  may be 
optically shortened. 
These  structures  have  no  relation  to 
the differentiated bodies of a  special kind 
which are found at the poles in egg cells 
(Plate  2,  Fig.  33),  and which apparently 
arise by fusion of granules in the  achro- 
matic threads  (Plate  3,  Fig.  32). 
35.  Reference 4,  and Plate  16, Fig.  10. 
36.  Also in red blood cells; see Peremeschko. 
37.  In  the  meantime  Schleicher  has  found 
intranuclear  frameworks  in  his  material 
as well.  According to  a  cordial  letter,  he 
now  essentially  agrees  with  me  on  the 
structure of the nucleus of the cell. 
38.  In  Allium  and  related  species which  my 
colleague  Engler  kindly  made  available 
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 to  me,  I  have  unfortunately  not  been 
able  to  find  those  favorable  stages  of 
development showing very large numbers 
of divisions in the endosperm. I  saw them 
with admiration in the slides Strasburger 
kindly sent me. However,  after a  lengthy 
search,  I  found  a  sufficiently large num- 
ber  of  division  stages  to  warrant  the 
conclusions. 
Chromic  and  picric  acid  will  not 
preserve  the  divisions in  these  plants  as 
easily and beautifully as in animal tissues. 
Buds or other pieces should therefore be 
cut before immersion. I  agree with Stras- 
burger  that  alcohol  often  preserves 
division stages in this material very well, 
but  in  certain  stages  (especially  in  the 
skeins of the daughter cells) the treatment 
causes  more  shrinkage  than  in  animals. 
Strasburger  has  admitted  this.  Mostly  I 
have  used  alcohol  fixation  followed  by 
alum carmine as a  nuclear stain. Alcohol 
can also be used for animal cells, but the 
results  are  much  less  predictable  than 
those  obtained  with  chromic  or  picric 
acid. 
39.  Compare the text in Part I, p.  368 upper 
part  of page  (4).  The few apparent  gran- 
ules shown in Fig. 2 e, Plate 17, are optical 
sections; this is also the case in the other 
illustrations. 
40.  Putting  aside  irregularities  of  position 
(compare  Section  2;  and  Fig.  14,  Plate 
1 ; Fig. 35 d, Plate 3). 
41.  Stronger  immersion  objectives  (e.g., 
Seibert  and Krafft, Nos.  11)  do not give 
better  results.  Enlargement  is  increased 
but  light  intensity  is  reduced.  In  the 
course of time I  have learned to describe 
in  this  kind  of  material  only  what  can 
be  seen  with  a  Hartnack  inamersion 
objective 9. 
42.  Strasburger concedes in his last publica- 
tion  that  alcohol  causes changes  of this 
type,  especially  in  the  stages under  dis- 
cussion.  In  my  experience  picric  and 
chromic  acid  have  almost  the  same  un- 
favorable effect in plant material. 
43.  In the endothelium of the  cornea  of the 
frog  (Mayzel),  and  also in egg cells  and 
cleavage cells. 
44.  This  corresponds  to  what  I  have  called 
the  nuclear figure;  i.e.,  all  the  stainable 
material. 
45.  Compare  with  Section  2  F,  the  achro- 
matic figure of threads. 
46.  Osmium-carmine.  In  another  of  FoPs 
preparations  (fixed  with picric  acid)  the 
achromatic  threads  are  beautifully pre- 
served, but the chromatic  nuclear figure 
is rather indistinct. 
47.  Compare reference  13 of Bibliography. 
48.  Probably that of other animals as well. 
49.  See  Section  3  for relation of these  struc- 
tures  to  the  spermatocysts  of  von  la 
galette. 
50.  Leopoldina XV, Aug.  1879, p.  128. 
51.  Preliminary  descriptions  and  hypotheses 
concerning  this  stage  were  given  (4,  p. 
383). See below in this Section for further 
details. 
52.  Instead of the irregular  one which it  nor- 
mally has in the resting nucleus. 
53.  This clearly  indicates that  in plant  cells 
one  may  also  speak  of  a  regressive  me- 
tamorphosis of the daughter nuclei.  See Below 
for further discussion. 
54.  Loc. cit., p.  351  (4). 
55.  See loc. cit.  and also in J.  Arnold's paper, 
Ueber  feinere  Structur  der  Zellen  etc., 
Virchow's Arch. path.  Anat.,  1879,  77. 
56.  Part I, p.  377 and also p.  383  (4). 
57.  Henceforth  a  segment of  thread  in  the 
shape of a v or a u will be called a "loop." 
The loop  is composed of an angle  and of 
two  arms of equal or nearly equal  length 
with free ends. The angle may either be 
acute or obtuse; in most cases the vertex 
is  rounded  rather  than  pointed.  The 
arms  may be  straight,  curved,  or  some- 
times twisted around one another. 
I  realize that loop is not a  very precise 
term for  such a  thread  bent  into  a  v  or 
into a u, but it is in common use for some 
similar  cases  (loop  of  a  road,  Henle's 
loops  in  the  kidney).  I  need  a  brief 
expression  and  can  think  of  nothing 
better. 
58.  There  may  perhaps  be  considerable 
variation  in  the  number  of segments and 
consequently in the number of rays of the 
star-figures  the  latter,  of  course,  twice 
that of the segments). 
59.  It  is easy to  see why others  (Schleicher, 
Peremeschko),  when  judging  from  ma- 
terials  of  this  kind,  have  denied  any 
regularity  in  the  movements  of  the 
threads in these stages. While I  have not 
disregarded  these  apparently  disorderly 
forms  (4,  p.  377,  upper  part  of page)  I 
have purposely not based my description 
on them but on the regular forms instead, 
and  have  in  the  past  almost  exclusively 
drawn examples of the latter. 
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 60.  Procedure:  Free-floating  cells  placed  in 
fluid  taken  from  a  freshly  incised  testis 
under  a  coverslip,  without  any reagents 
added.  The  divisions  will  often  remain 
alive for some time and will continue, but 
they will die much more frequently than 
in the tail of the larva.  The threads are, 
of course,  easier  to  recognize  in  the  iso- 
lated cells than in the latter material. 
61.  I  often  find  highly  scattered  figures  in 
epithelial cells, either with single or with 
double  threads;  they  undoubtedly  rep- 
resent  diastoles.  Nevertheless,  the  corre- 
sponding systole  may be a  star-figure with 
short rays as shown in Plate  2,  Fig.  30 c. 
In testis cells, on the other hand,  accord- 
ing  to  my  direct  observation  of  living 
material,  the extreme centralization may 
actually not take place. 
62.  However, I  cannot exclude the possibility 
that the rays of the star-figure which are 
directed  toward  the  flat  sides  are  some- 
what shorter in reality in highly flattened 
cells  (e.g.,  epithelium; compare reference 
4,  Fig.  10,  Plate  17).  It  is never so pro- 
nounced as it  appears to be in the draw- 
ing  where  the  rays  are  seen  almost 
vertically and therefore had to be drawn 
greatly shortened. 
63.  All preparations have been kept. 
64.  Here  again,  as  in  all  other  stages,  there 
are  individual  differences.  In  one  cell 
the threads of the nuclear figure are in a 
highly  condensed  position,  in  another 
they are scattered. 
65.  Eberth  reported  images  (lot.  cit.,  Fig. 
9 a, b, Plate 19; see text, p. 529), perhaps 
of the  same  type,  prior  to  my own  de- 
scription.  He  considers them to  be  con- 
nections between threads. 
66.  Whenever  there  is  some  swelling  the 
double  threads  tend  to  fuse  with  one 
another.  It  commonly  occurs  in  acetic 
acid  preparations,  even  if  all  the  other 
stages of the nuclear figure are well fixed. 
67.  In a  few favorable cases I  have seen the 
double  threads  even  in  the living  condi- 
tion,  see Part  I,  p.  380,  Fig.  5,  Plate  16 
(4). 
68.  An image of the  latter  type  is shown in 
Fig.  7,  Plate  17,  Part  I  (4).  The  short 
segment shown as  already  being split  in 
Fig.  5,  Plate  17 ibid.,  however,  is a  mis- 
take in the drawing. 
69.  At least I  find this whenever the figure is 
sufficiently diffuse in structure to see this 
sort  of  thing  clearly.  If  the  threads  lie 
close  together  such  matters  cannot  be 
decided. 
70.  For  instance:  egg  cells  of several  inver- 
tebrates,  infusoria,  plants  (Biitschli, 
Strasburger,  Hertwig);  endothelium  of 
the cornea of the frog  (Mayzel). 
71.  Arnold  has  just  reported  the  same  ob- 
servation. 
72.  Part I  (4),  pp. 419, 420. There were good 
reasons  for  this.  The  doubts  were  not 
based  on  superficial  observations.  I  can 
now refer  to  as expert  and  excellent  an 
observer  as  Strasburger.  He  knew  my 
description  in  the  case  of  Salamandra 
and  also  my  preparations,  studied  his 
own plant  material with great care,  and 
then  decided,  precisely  as  I  had  in  a 
tentative way that time, that the nuclear 
spindles  composed  of  fine  threads  are 
in  effect missing  in the  cases in  question 
(Salamandra,  Nothoscorodon,  and  others) 
(Strasburger,  8,  p.  283 ft.).  If I  now op- 
pose  his views,  I  am also correcting  my- 
self. 
73.  These  authors did  not  yet  take  into  ac- 
count results obtained by staining. 
74.  It  remains  possible  that  already  in  the 
preceding stage either segmentation or a 
disposition  of certain  points  to  separate 
existed, but was not recognized. 
75.  Zellbildung  und  Zelltheilung,  2nd  edi- 
tion,  pp.  246,  272  and 8,  p.  285 ft. 
76.  (8, p. 285.) Strasburger here modifies con- 
siderably  his more  positive  earlier  state- 
ments  to  this  effect  (compare  4, p.  416 
IT.). 
77.  So  does  Frommann.  I  want  to  repeat 
that,  for  the  time  being,  although  I 
cannot  deny  that  such  a  connection 
exists, I  have seen nothing to prove that 
it does. More details will be presented in 
the continuation of this study. 
78.  Except  for  Spengel's  statements  (26) 
which  will  presently be  discussed in  the 
text. 
79.  While my investigations were in progress 
Mayzel  wrote  me  that  he  had  found 
beautiful nuclear figures in testis cells of 
caterpillars,  and  had  also  studied  multi- 
plication  of testis  cells  in  Triton  and  in 
Salamandra.  But he has not yet succeeded 
in finding all  the typical  division figures 
in them. 
80.  In ascribing the negative results obtained 
by other investigators largely to this phe- 
nomenon, I  make the  yet unproved,  but 
plausible  assumption that  conditions  in 
68  TNE  JOURNAL  OF  CELL  BIOLOGY •  VOLUME  ~5, 1965 
 Ranidae and mammals are the same as in 
urodeles. 
The  reagents  which  have  been  used 
also  explain  the  negative  results,  for 
potassium  bichromate,  for  instance, 
destroys the nuclear figures  (13). 
81.  I  do not know whether the timing would 
be the same in all places and in free-living 
animals.  The  salamanders  I  used  came 
from Prague,  Tiibingen,  and  Heidelberg 
(some  wintered  in  captivity,  but  most 
were caught  this year).  They  were kept 
in  a  semifree  state  in  large  containers 
filled with earth  and  moss and  were fed 
earthworms. 
82.  I  owe this convenient staining method to 
Mayzel  (written  communication).  Un- 
fortunately,  the  preparations  often  fade 
when stored in  glycerin,  but  at first  the 
staining is beautiful  and  sharp.  Staining 
with  Bismarck  brown  according  to 
Weigert's familiar procedure. 
83.  v. la Valette's illustrations, Figs. 5 and 6, 
Plate 34; Figs. 34 to 36, Plate 35 evidently 
represent nuclei  in  this  condition.  They 
are  called  the  second  stage  of sperma- 
tocyte formation. 
84.  This  does not refer to a  whole lobe  of the 
testis but only to segments of testis tubules 
of  different  length.  At  times,  however, 
before the  onset  of division,  the  cells of 
an entire lobe may all be of equal size. 
85.  Fourth article, Arch. micr.  Anat.,  1880,  18. 
86.  In  my  material,  on  the  other  hand,  I 
could  not  determine  the  presence  of 
connective  tissue  septa  extending  radially 
through the tubules. They were found in 
anurans  by  von  la  Valette  and  were 
described as the follicular membrane. 
87.  Figs. 4  and  119 in von la  Valette's  most 
recent  publication  (fifth  article,  Arch. 
micr.  Anat.,  1878,  p.  261)  may  represent 
indirect nuclear division, but he does not 
interpret them in this way. 
88.  On  p.  315  in  Schweigger-Seidel's pub- 
lication the middle piece  (b)  in  Triton  is 
shown  as  being  stained.  I  believe  this 
must  be  an  error  in  printing,  otherwise 
the fact should have been discussed on p. 
326. Furthermore, he considers it possible 
that  the  middle  piece  in  urodeles  and 
Ranidae is not strictly equivalent. 
While  writing  the  present  paper,  I 
received No.  76,  October,  of the  Quart. 
J.  Micr. Sc.  with Heneage Gibbes'  pub- 
lication,  "Structure  of  the  vertebrate 
spermatozoon."  The  author  describes 
the  known  structural  characteristics  of 
the  spermatozoa  of urodeles  mentioned 
above.  I  regret  that  references  to  the 
earlier  literature,  and  to  Schweigger- 
Seidel in  particular,  have  been omitted. 
Gibbes discovered that the margin of the 
undulating membrane appears as a thick- 
ened,  spiral strand  (filament,  Gibbes).  I 
can  confirm  this.  The  author  finds,  in 
agreement  with  Schweigger-Seidel  and 
myself, that  the staining reaction  of the 
middle piece is not like that of the head 
but rather like that of the tail. 
It  is  of  great  importance  and  very 
interesting  that,  according  to  Gibbes, 
the  spermatozoa of mammals  also possess 
a  "filament,"  that  is to  say,  a  structure 
homologous to the undulating membrane. 
89.  Second communication, Arch. micr.  Anat., 
3. 
90.  The  letter  a  was  omitted  on  the  right 
side of Fig. 57. 
91.  For  an  explanation  of this effect I  refer 
to 4, p.  329  (4). 
92.  See his communication, Arch.  micr.  Anat., 
12,  Figs. 31,  32, and elsewhere. 
93.  My student, Mr. Wiebe, and I  have been 
investigating  this  problem jointly  since 
last  spring.  The  results will  be reported 
in the next part of these contributions. 
94.  Compare  among  others  Schweigger- 
Seidel. 
95.  For instance Figs. 53 d, e, and 56 g. 
96.  The investigations were interrupted only 
during  the period August 22  to Septem- 
ber  15. 
97.  The  nuclear  figures,  furthermore,  are 
destroyed  or  rendered  indistinct  by  the 
reagents which unfortunately have mostly 
been  used  in  the  studies  mentioned, 
potassium chromate and osmium. 
98.  Arch. micr.  Anat.,  1877,  14,  180. 
99.  Ibid.,  1879,  16,  In  teaching  I  find  this 
method especially convenient and recom- 
mend it highly. 
100.  BRANDT,  A.  Commentare  zur Keimbl~i- 
schentheorie  des  Eies.  II,  Arch.  micr. 
Anat.,  1880,  17,  Part 4, 571. 
101.  Part I, p.  389,  footnote; p. 400  (4). 
102.  Compare  here  with  p.  5,  lower  part  of 
page and ft. 
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